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 ABSTRACT 
 
The role of practical work is crucial to the learning and teaching of science (Woolnough and 
Allsop, 1985). Depending on the design of the activity it can become a powerful tool for 
making concrete a subject which is abstract and inherently difficult to understand. The current 
practice in developing countries (including South Africa), for providing practical work 
experience for learners studying science through distance education, is a week long session 
where learners are bombarded with activities after activities the whole day long. This divorces 
the activity from the theory and thus one aim of practical work, the understanding of a 
particular theory or concept is not achieved. The microscience system, developed at 
RADMASTE (Research and Development in Maths, Science and Technology Education) 
Centre, Wits University, may be an answer to the problem mentioned above. 
This system uses small-scale equipment which is cost-effective, versatile, convenient and 
robust, and demands no special infrastructure. Working on a small scale is now the norm in 
many branches of science: it costs less, it is safer, there is less damage to the environment, etc. 
It is accompanied with worksheets (written using a guided enquiry approach) as well as 
chemicals that would be required for the activities. To see its effectiveness as a tool for 
providing practical work experience for students studying science through distance education, 
it was used by educators who had registered for the ACE (Advanced Certificate in Education) 
for FET (Further Education and Training) level program at Wits University. This is an in-
service training course for educators, most of whom qualified with a 3 year educators diploma 
from an educators training college.  
The ACE program uses a mixed delivery approach. That is, 4 contact sessions (usually 5 days 
each, during the school holidays) are spaced throughout the year where educators come to the 
workshop. During the workshop, course workbook, assignments and portfolio activities for a 
particular course are given to the educators. For the rest of the period educators are required to 
work independently or with fellow students. The portfolio tasks and assignments are sent by 
post to the University by the educators, whereupon they are marked and resent to educators. 
During each year educators complete 3 specialisation courses (either in Maths or Science) and 
2 education courses. The microchemistry kit (part of the microscience system) was used by 
educators at home for performing practical work activities for the science specialization course 
entitled, Chemical Reactions. 
The current research aims to report on the use of the RADMASTE Advanced microchemistry 
kit by two groups of secondary school educators at home during their independent study. A 
questionnaire was designed to look at how the educators managed to use the kit on their own. 
To gain insight into their experiences an in-depth interview was conducted by visiting four 
educators at home when they were performing the practical activity. Another questionnaire was 
designed to ascertain the attitude of these educators towards practical work. A questionnaire 
was also answered to gain understanding of what the educators learnt after using the kit at 
home.  
The results obtained for this study will inform the future for providing practical work 
experience for students studying science through distance education.    
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CHAPTER 1 
 
INTRODUCTION TO THE STUDY AND RESEARCH OVERVIEW 
 
1.2 Introduction 
 
This research aims to investigate if the microscience system can be used to provide practical 
work experience at home for students studying science through distance education. The 
microscience system includes various kits eg. chemistry, physics, biology, etc. For this 
research the microchemistry kit was used. The students in this study are educators from the 
Mpumalanga Department of Education (Mpumalanga is one of the provinces adjacent to 
Gauteng, where the researcher is based) who registered for the Advanced Certificate in 
Education (ACE) specializing in Science FET (Further Education and Training) level at the 
University of the Witwatersrand. The study attempts to find out what happens when educators 
use the microscience equipment at home to do specific experiments.   
 
1.2 Statement of the problem 
 
The complex and abstract nature of science makes the subject difficult to understand. Thus 
learners find it difficult to grasp the concepts. As reported in the TIMMS (Third International 
Mathematics and Science Study) by Howie (2001), the situation in South Africa is bad. Our 
learners are the worlds worst performers out of 50 countries in this field. As the CDE (Centre 
for Development and Enterprise) report (Lee and Clynick (2004)) points out, there is a shortage 
of science educators, and we need to strengthen the capacity of science educators in South 
Africa. The scarcity of qualified science educators is prevalent in the African continent as a 
whole (eLearning Africa, 2006). 
 
To address this problem it is important to improve the quality and qualifications of the science 
educators. It is imperative for educators, who can be thought of as the custodians of 
knowledge, to understand scientific concepts well themselves before teaching learners. These 
educators need to prepare science learners for the industry. The CDE report by Bernstein 
(2007) states, far fewer maths and science learners are produced by the schooling system than 
required by the South African economy. 
The role of practical work is crucial to the learning and teaching of science (Woolnough and 
Allsop, 1985). Depending on the design of the practical activity it can become a powerful tool 
for making concrete a subject which is abstract and inherently difficult to understand. Those 
studying science for a teaching qualification in the sciences, need to be skilled and confident in 
performing practical work activities as they will need to perform or facilitate these in their 
teaching career.  
Unfortunately, there are problems in the provision of practical science experiences for students 
studying science through distance education in South Africa. This impacts negatively on in-
service training which is often provided through distance education. 
 
1.3 Background to the problem 
 
At the University of South Africa (UNISA), the largest South African institution providing 
distance education courses, students studying any science course must attend a compulsory 
laboratory course lasting 10 days (2 x Monday to Friday). This can be attended either at the 
University of Pretoria Chemistry Department laboratories or Pretoria Technikon (Tshwane 
University of Technology) in Pretoria during the period, end of November - beginning of 
December. During this period students are bombarded with one activity after another the whole 
day long. This divorces the practical activity from the theory and thus one aim of practical 
work, the understanding of a particular theory or concept, is unlikely to be achieved. This may 
have contributed to the unsatisfactory performance of students in Science, Engineering and 
Technology courses at UNISA and Technikon SA as reported by SAIDE (South African 
Institute for Distance Education) in 1994. Of the cohort of students enrolling for BSc (Bachelor 
of Science) in 1984 and 1985 at UNISA, only a small percentage had graduated by 1992.  
A report by Jeschofnig (2005), gives a picture of a different approach, that is using science kits 
at home, as has been done by various Universities worldwide for their science distance courses. 
He states that for students of science to understand the changes that take place in nature, they 
need to do hands-on experimentation. For the distance learners, he initiated this process when 
he was asked to run a distance chemistry class at the Colorado Mountain College, America in 
the 1990s. He collected relatively safe chemicals, sealed them in convenient thin-stem pipettes, 
collected the necessary equipments and instructions for various experiments and sent it off to 
individual students. This led to the formation of his own company called At Home Science 
(www.athomescience.com) in 1993, which now provides kits for distance courses in chemistry, 
physics and biology.      
As reported by Jeschofnig (2005), The Open University in the UK, used to ship a mini 
laboratory to all science students to do practical work at home since the early 70s. Due to 
shipping restrictions they have also turned to providing practical work experiences at home 
using small non-returnable kits. As reported by Grose (1999), the kits are very popular with the 
science and technology students of the Open University in the UK. He acknowledges that 
simulations can be useful but states that it cannot replace a realistic environment to conduct 
experiments, measure results, etc. 
 Jeschofnig (2005), also reports on the successful use of science kits for distance students by 
Monash University of Australia. These kits are shipped to students throughout Australia, 
Singapore, Malaysia and the South Pacific. The kits are loaned to the students and need to be 
returned, at the end of the course, for a refundable fee.  
A third approach is exemplified in Japan. The University of the Air in Japan has satellite 
centers all over the country where experimental practice in a basic chemistry course is carried 
out by microscale chemistry (Ogino, 2005a).   
  Microscale practical work is increasingly being used in face-to-face teaching and learning. In 
countries with a severe shortage of resources, practical activity in a conventional laboratory is 
generally unsustainable. For example, Mhalangu (1984), in Lewin (1992), reported on 12 
schools in Malawi, where practical work was carried out as a demonstration by the educator. 
The classes were too large to see what the educator was doing. Ross and Lewin, estimated the 
cost of equipping a laboratory at about $107 800 (in 1992). Compare this to spending today (10 
years later), about $6 000 per school in providing microscience kits (where learners may work 
alone or in groups). For countries in a dire economic situation, it seems a favorable solution, 
and this is one reason it is spreading world-wide. Therefore a proposal to use microscale 
practical work at home is not relegating distance education students to a second-class 
experience but rather it would be in step with a global trend in science education.    
 
1.4 Rationale for the study 
 
The predominant form of practical work experience provided for students studying science 
through distance education at tertiary level in South Africa is considered to be unsatisfactory. 
The microscience system, developed at the RADMASTE Centre (Centre for Research and 
Development in Maths, Science and Technology Education), University of the Witwatersrand, 
may provide a more satisfactory practical work experience at home. Appendix A shows a) the 
components of the Microchemistry Advanced kit; b) chemicals which were used by the 
educators in the current study; c) an experimental set-up using the RADMASTE Advanced 
Microchemistry kit and d) a photo of a chemistry kit, distributed by At Home Science which 
was mentioned earlier (this kit also uses thin stemmed pipettes to distribute chemicals as was 
carried out in the current study). The results obtained in this study will give insight into 
whether or not the microscience system can provide the practical work experience at home. 
The study may be used as a basis to carry out a further investigation involving many more 
experiments and students who will perform them at home, to ascertain the feasibility of the 
methodology.   
 
1.5 Aims of the study 
 
The aims of the study are to analyse the attitude of a group of educators towards practical work 
before and after using the microscience kit at home to perform experiments, and to record and 
evaluate the experiences of the educators. The study also aims to find out what did the 
educators learn from using the kit at home. 
 
1.6 Research questions  
 
The study attempts to answer the following questions: 
 
1.6.1 Can microchemistry kits enable science educators (those studying ACE through 
distance education) to experience practical chemistry at home? 
1.6.2  How did the experiences of educators influence their attitude towards practical work? 
1.6.3     What do educators learn from at home practical activities? 
 
1.7 Importance of the study 
 
There is a shortage of adequately qualified educators of Physical Sciences in South African 
secondary schools (Lee and Clynick, 2004). In-service training of educators lacking the 
necessary skills, knowledge and attitudes is therefore important for the development of the 
country. It is imperative therefore that new methodologies are sought in providing learning 
experiences to students at a distance that result in meaningful learning of concepts in science. 
This study will be informative in revealing the attitudes and experiences of the student 
educators who used the microscience kits. It will also provide insight into whether the 
microscience kits are viable to use at home. 
 
1.8 Ethical considerations 
 
Permission to collect the data (Appendix B) was sought from the Mpumalanga Department of 
Education, explaining the purpose of the research. This was granted (Appendix C). The 
questionnaires had a letter attached to the front explaining their purpose (Appendix D). Data 
was collected from educators who were willing to participate in the study. An indemnity form 
was signed by each of the educators who participated in the study (Appendix E). This form 
explained the precautions to be taken when doing the experiments with regards to the 
chemicals. Other ethical issues to be considered for the current research will be discussed in 
detail in Chapter 3.  
     
1.9 Delineation of the study 
 
Data was collected only from educators who had enrolled for the ACE course with 
specialization in FET science in 2005. The main instruments for data collection were three 
questionnaires and interviews with selected educators.  
 
1.10 Limitations of the study   
 
The results obtained in this study are subject to this particular sample. To generalize and 
extrapolate on the findings a study would need to be carried out with a larger sample group 
with varied demography. The study was conducted within the timeframe of the ACE course 
which therefore constrained the findings of the study. All the questionnaires could not be 
piloted but were reviewed by colleagues and a lecturer in science education research 
methodology for grammar correctness and appropriateness of the questions in terms of the 
language, bias, relevance, etc.  The research aims to look at the educators experience and 
attitude towards practical work in using the microscience kit at home in respect of conceptual 
change in learning of science concepts. It does not claim to test if this change has occurred or 
not.     
 
1.11 Organisation of the Research Report    
 
Chapter 1 introduces the study and exposes the lack of suitable practical work experiences for 
students studying science through distance education in South Africa. It presents the general 
problem statement, rationale and aim of the study. It also looks at the research questions, 
ethical considerations, delineation and limitations pertaining to the study. 
 
Chapter 2 reviews the literature that is relevant to the study. This includes, the theoretical 
framework underpinning this study; the process of teaching and learning science; the role, aims 
and purposes of practical work in science; the new FET  NCS (National Curriculum Statement) 
of South Africa; microscale equipment (particularly microscience kits) and the nature of 
studying through distance education. 
 
Chapter 3 looks at the context, research design and procedure used to collect data. Ethical 
issues and rigor in research will also be discussed. 
  
Chapter 4 focuses on the presentation and analysis of the data collected from the completed 
questionnaires. Analysis of the data is represented in the form of tables and graphs. It also 
includes data collected in the interviews in the form of a table. Discussion of the data obtained 
is also included in this chapter. 
 
Chapter 5 summarises the main findings of this study, addresses the research questions and 
makes recommendations for further exploration in this field. 
 
 
 
 
 
 
 
CHAPTER 2 
 
LITERATURE REVIEW 
 
Chapter 1 presented the problem statement for this study and stated the research questions.  
In this chapter, literature on the following aspects will be reviewed: 
 
• Learning theories (Cognitive, Constructivist and Socio-cultural) 
• The process of teaching and learning science 
• The role, aims and purposes of practical work in science 
• The new FET (Further Education Training) NCS (National Curriculum Statement) for 
Physical Sciences of South Africa  
• Microscale equipment (particularly microscience kits) 
• The nature of studying through distance education 
 
2.1 Learning Theories 
2.1.1 Cognitive theory 
 
Piaget placed emphasis on the individual and a biological approach to learning and 
development. There are two aspects of the theory, the process of cognitive development and 
the stages of cognitive development. Piaget (1964) identified 4 processes of cognitive 
development. These are maturation, experiences (physical and logical internal equilibration), 
transmission (by other person through language, education) and equilibration (self regulation). 
Equilibration occurs through a process of accommodation whereby the existing schema is 
modified to create new ones. If the existing schema is inadequate then a state of cognitive 
disequilibrium occurs. Therefore for learning to take place the educator must create 
disequilibrium.  
The four stages of cognitive development according to Piaget (Huitt and Hummel, 2003) are; 
sensory-motor (infancy), pre-operational (toddler and early childhood), concrete operational 
(elementary and early adolescence) and formal operational (adolescence and early adulthood). 
At the sensory motor stage, intelligence is demonstrated through motor activity without the use 
of symbols. In the pre-operational stage, symbols are used, resulting in development of 
memory and imagination. At the concrete operational stage, a logical and systematic 
manipulation of symbols occurs. At the formal operational stage, logical use of symbols occurs 
through abstract thought. Thus, the educator needs to firstly assess the stage of the learners 
development before teaching. The educator can then provide the physical experiences to assist 
development. Thus the educator does not pass on ready - made knowledge. Rather children 
discover the knowledge for themselves. Piaget does not specifically take into account the 
socially- constructed nature of knowledge. 
 2.1.2 Constructivism 
 
Learning is a process of knowledge acquisition. Therefore it is important to know how this 
knowledge is acquired by the learner. Rote learning through which some of our knowledge is 
usually gained, is less meaningful than the constructivist approach to learning. The 
constructivist approach (Fensham et al 1994, Hewson et al 1998), considers that learners 
interpret and interact with the physical world through their conceptualisation of phenomena. 
Knowledge construction is based on what ideas learners bring into the classroom about the 
world around them. It involves engaging in personal construction and meaning making. This 
leads to meaningful learning, whereby the new knowledge is substantively related to ideas 
already existing in the cognitive structure of the learner. Constructivist views of learning 
(summarised by Driver and Bell (1986) in Matthews, 1994) include the following points: 
♦ Learning outcomes depend not only on the learning environment but also on the prior 
knowledge of the learner. 
♦ Learning involves the construction of meanings. Meanings constructed by the learners from 
what they see and hear, may not be those intended.  
♦ The construction of meaning is a continuous and active process. 
♦ Meanings once constructed, are evaluated and can be accepted or rejected. 
♦ Learners have the final responsibility for their learning. 
♦ There are patterns in the types of meanings learners construct due to shared experiences 
with the physical world and through language. 
Some constructivists are idealistic and believe that the world is created by and dependent upon 
human thought. These fall into the radical constructivism school of thought, radical because  it 
breaks with convention and develops a theory of knowledge in which knowledge does not 
reflect an objective ontological reality, but exclusively an ordering and organisation of a 
world constituted by our experience (Glaserfeld 1987, in Matthews 1994). 
2.1.3 Socio-cultural theory 
Vygotsky (in Wertch (1985)) says the ability to think and reason is the result of social 
interaction. It is the result of the active internalisation of problem solving processes. Vygotsky 
advocates social constructivism, which focuses on the social nature of thinking, recognising 
that how people think and learn is deeply influenced by the communities and cultures in which 
they interact. In other words, Vygotsky felt that the intellectual ways of knowing the world 
that a student displayed were not primarily determined by innate factors, that is, inherited 
intelligence or mental abilities. Instead, Vygotsky 'saw' patterns and levels of thinking as 
products of the activities practiced in the social institutions of the culture in which the 
individual was immersed.(Morris, 1998). Vygotsky, developed the concept of ZPD (Zone of 
Proximal Development) in order to conceptualise the role of mediation by others in the 
development of knowledge.  
2.1.3.1 Zone of Proximal Development 
 
The ZPD is the potential ability of the learner if guided (scaffolded) by a more able adult or 
peer. Learning and development is a social and collaborative activity that cannot be taught to 
the learner. It is up to the learner to construct his own understanding in his own mind. There is 
external and internal socialisation. The educator acts as the mediator. The ZPD concept can be 
used to design situations in which the learners can be provided with the appropriate support for 
optimal learning. The educator can control the activities and thus challenge learners to go 
beyond what they can do when unaided. Language is important because without it thought 
would be limited to what could be learned through actions or images. Vygotskys concept of 
ZPD needs to be examined in detail as it involves the interaction between the educator, the 
learner, the environment, the thought processes (reflection) of both the educator and the 
learner, the strategies and tools used by the educator etc.  
The most widely known explanation of ZPD as noted by Vygotsky himself is the distance 
between the actual level of development as determined by independent problem solving 
[without guided instruction] and the level of potential development as determined by problem 
solving under adult guidance or in collaboration with more capable peers. Measurement of this 
distance would thus be achieved by comparing the student's performance on both tasks. This 
essentially means that a learner would use the technique(s) that is/are learnt during the 
collaborative effort with the companion when trying a similar problem independently. That is, 
self review by the learner is the internalization of peer review. 
At a certain stage in development, children can solve a certain range of problems only when 
they are interacting with people and in cooperation with peers. Once the problem solving 
activities have been internalized, the problems initially solved under guidance and in 
cooperation with others will be tackled independently. The notion here seems to be that one's 
latent, or unexpressed ability could be measured by the extent to which one profits from guided 
instruction. That is, the ZPD is the distance between the "actual" developmental level as 
determined by independent problem solving and the level of "potential" development as 
determined through problem solving under educator guidance or in collaboration with more 
capable peers.  
The socio-cultural theory stresses the importance of the community and the context within 
which the knowledge is acquired. Therefore the situated nature of learning needs to be 
examined. Doing practical work at home, situates the learning close to the classroom where the 
educator teaches. In fact several educators actually did the experiments at school, making the 
relevance of their experimental activity abundantly clear.   
 
 
2.1.3.2 Situated Learning 
Situated learning environments allow learners the ability to retrieve information when needed 
(Choi and Hannafin, 1995). It gives meaning and promotes transfer of knowledge to day-to-day 
situations, but is not always guaranteed. The case study done by Carraher et al (1985) 
illustrates this where the aim of the study was to see if the children in the streets selling fruit 
would be able to transfer their maths knowledge to a formal setting. Situated learning enriches 
the learning process by providing practical experiences of real situations. Learning, both 
outside and inside school, occurs through social interaction and social construction of 
knowledge. Choi and Hannafin (1995) distinguished four key concepts related to, situated 
learning: these are context, content, facilitation and assessment. Context is the environment, the 
location or the setting in which learning takes place. Personal experiences allow learners to use 
a variety of methods to work through situations. Content is the specific concept that learners 
acquire. Facilitation allows learners to internalize the information. This is provided by the 
educator, in the classroom and depending on the facilitation strategy used, can impact on the 
internalisation process. Assessment can be used for many purposes but should be used for 
measuring cognitive growth rather than evaluation. The internalisation or self-regulation 
process by the learner has implications for metacognition, or thinking about thinking. 
 
2.1.3.3 Metacognition 
 
"Metacognition" refers to knowledge concerning one's own cognitive processes and products 
or anything related to them. Most researchers (Flavell, 1981) agree that differences exist 
between cognition and metacognition skills. Performing a task requires cognitive skills. To 
understand how the task was performed requires metacognition. Researchers also distinguish 
between two components of metacognition: (1) knowledge of cognition and (2) regulation of 
cognition. Knowledge of cognition tells us what we know about our own cognition or about 
cognition in general. It includes at least three different kinds of metacognitive awareness: 
declarative, procedural, and conditional knowledge Declarative knowledge refers to knowing 
"about" things. Procedural knowledge refers to knowing "how" to do things. Conditional 
knowledge refers to knowing the "why" and "when" aspects of cognition. For Vygotsky the 
self-regulation would first occur interpsychologically through social speech and then 
intrapsychologically through inner speech (when the learner tries to make sense of the social 
interaction on his/her own). The self-regulation that occurs intrapsychologically would 
probably apply to doing the experiments at home.  
Science taught at school, does not unfold in isolation as children either confront the world or 
partake in certain cultural practices. Learners have difficulty trying to make sense of scientific 
ideas that transcend their experience, or maybe are an outright contradiction to their own 
experience. Learning of science concepts thus requires an initiation into a scientific tradition, 
which needs to be provided by school science educators (Matthews, 1994). This has 
implications for constructivist teaching practice.  
 2.2 The Process of Learning and Teaching Science 
 
Depending on the school of thought a person comes from, will determine how s/he sees 
knowledge being obtained by learners of science. 
 
2.2.1 Cognitive view 
Those advocating cognitive development suggest that sciences should be taught according to 
the Piagetian schema of cognitive development. But, as reported by Shayer and Adey (1973) in 
Lewin (1992), it was found that even at the age of 16 years, learners in the UK were 
performing at late concrete operational level rather than formal operational level in Piagetian 
terms. This has implications on the design and appropriateness of science curricula. 
 
2.2.2 Constructivist view 
 
The other prominent view of teaching and learning comes from the works of constructivists 
who argue that science should start from the childs understanding of natural phenomena, not 
from attempts to emulate the reasoning of the professional scientist, who has developed adult 
understandings of causality, formal reasoning, etc. (Lewin, 1992, pp 120). Much of the 
research on learners learning science suggests that learners bring their own conceptions of 
science to explaining the natural world (Driver and Oldham (1986) in Lewin, 1992). 
Constructive learning can be practiced in the classroom by engaging learners with others to 
understand and interpret concepts and phenomena. The educator is there to provide the 
concepts and encourage reflection. Driver and Oldham (1986) in Matthews (1994), describe 
constructivist teaching as being characterised by a number of stages or steps: 
♦ Orientation: This allows learners to develop a sense of purpose and motivation for 
learning the topic. 
♦ Elicitation: This allows learners to make their current ideas on the lesson clear. 
♦ Restructuring of ideas: This is the focus of a constructivist lesson. It consists of a number 
of stages: Clarification and exchange of ideas, construction of new ideas (learners can see 
there are a variety ways of interpreting phenomena or evidence), evaluation of the new 
ideas through experimentation or by thinking through their ideas. 
♦ Application of ideas: Learners are given the opportunity to use their developed ideas. 
♦ Review: This is the final stage where learners are asked to reflect on how their ideas have 
changed from the beginning of the lesson to the end.  
 
2.2.3 History and philosophy of science 
 
This above sequence fits in well with the concept of paradigm shift in science as developed by 
Thomas Kuhn. Many prominent scholarly constructivists have appealed to the history and 
philosophy of science (most embrace the post-positivist philosophy) to establish their 
epistemological and ontological claims (Matthews, 1994). It is important for learners to know 
the products as well as processes of science and the history and philosophy of science should 
be integrated into their learning process. The term paradigm used by Kuhn is indicative of a 
conceptual or theoretical framework in which scientists can be working. A paradigm can 
consist of a set of concepts and hypotheses, which will form a mental mind set (Hung, 1997). 
According to Kuhn, scientists can work within a paradigm whilst occupied with observation, 
reasoning, problem formulation and problem solving. A paradigm therefore refers to the 
activities (observing, reasoning and problem solving) of scientists ((just as learners observe, 
reason and solve problems) (Hung, 1997). The human mind and senses are regarded as 
intertwined and knowledge is the end product of a constructive collection of both the ideas 
from the mind and the input through the senses. The Weltanschauung Thesis of Kuhn (which 
resembles constructive learning in the sense that new concepts are assimilated according to the 
learners prior or alternate knowledge) can be summarised briefly as follows (Hacking 1999): 
1) Theories are regarded as generic or specific. 
2) Over time, a number of vague, generic theories will be proposed. 
3) A paradigm is therefore a social construct, which allows scientists to perceive their 
work in terms of the paradigm theory. 
Anomalies can emerge (as with alternate concepts by learners), leading to a crisis with respect 
to the continuation of the paradigm. A new paradigm emerges, followed by normal science, 
anomalies, crisis, etc. Awareness of this process sensitises learners to the fact that theories 
(paradigms) that they are currently using may change as scientists discover something new and 
the current theory may be refined. It also sensitises them to the likelihood that their own 
paradigms may need to change in the face of anomalies they encounter. 
 
2.2.4 Conceptual change  
 
Learning for conceptual change is what is usually desired and this involves providing learners 
with physical experiences that may induce conflict and thereby encourage learners to develop 
new knowledge that is better accepted to their experience.  
In teaching for conceptual change three domains have been identified (Lunetta and Hofstein, 
1980). These are cognitive, affective and psychomotor. For any conceptual learning to take 
place all three domains need to be addressed in order to address the person as a whole. Table 1 
looks at the aims within each domain specific to the science discipline. 
 
Table 1: Aims of teaching (adapted from Lunetta and Hofstein, 1980) 
 
Domain Aims 
Cognitive 
(intellectual) 
1) Meaningful learning of science concepts 
2) To convince students of the intelligibility (makes sense) 
plausibility (reasonableness) and fruitfulness (usefulness) of 
the educators conception of the nature of things (as opposed 
to their own conceptions) by falsification or confirmation. 
Psychomotor 
(manipulative) 
1) Meaningful learning of the scientific method and science 
inquiry skills 
2) Meaningful learning of specific practical skills  (eg. use of a 
burette) and other techniques and procedures commonly used 
by scientists. 
Affective 
(attitudinal) 
1) To enhance attitudes towards science 
2) To promote positive perceptions of ones ability to 
understand and to affect ones environment. 
 
According to Lunetta and Hofstein (1980), providing appropriate practical work activities can 
address the three domains mentioned above. 
 
2.3 Role, Aims and Purposes of Practical Work  
 
2.3.1 Role of practical work 
 
As the maxim I hear, I forget; I see, I remember; I do, I understand illustrates, the integration 
of practical work in science education is important. It also lends itself well to creating the 
social interaction through group work essential to social constructivism. This may be achieved 
in distance learning where students may form study groups. Talking with and working with 
other learners enables them to: 
! Share their interpretations, experiences, metaphors. 
! Discuss their planning  the goals of the current activity, where they are in their 
knowledge, how to best go forward.   
! Use other students as an audience, one for whom they can summarise/express their 
understanding, and one that can help with testing their knowledge. (Malcolm, 1998, p65) 
In regular classes learners attention may be diverted but the concrete nature of laboratory work 
helps learners focus their attention on the task at hand. Kreitler and Kreitler (1974), argue that 
laboratory experiences help students establish the accuracy of their beliefs as well as providing 
them with direct experience with concepts. In other words, the role of practical work is to 
provide the link between the two domains of knowledge: the domain of objects and events on 
the one hand and the domain of ideas on the other (Millar et al, 2002) 
Gott and Mashiter (1991), believe that practical work can reveal the mismatch between 
learners perceptions and the content which is the desired learning objective. Its role is to 
facilitate the change in conceptual understanding.  
As appears in Woolnough (1991), Herron (1971) arranged types of activities by the degree of 
openness and the demand for inquiry skills in four levels as shown in Table 2.: 
Table 2: Types of Laboratory Investigations 
Level of Inquiry Problems Procedures Conclusion 
0 Given Given Given 
1 Given Given Open 
2 Given Open Open 
3 Open Open Open 
 
In Level 0, problem, procedure and conclusion are given. Learners only need to collect data. 
In Level 1, problem and procedure are given. Learners have to collect data and draw a 
conclusion. 
In Level 2, only the problem is given. Learners have to design the procedure, collect data and 
draw conclusions. 
In Level 3, the highest level of inquiry, the learners have to do everything by themselves, 
beginning with problem formulation and ending with drawing conclusions. 
In schools most experiments are performed at level 0 and level 1. Level 2 and 3 demand formal 
reasoning and cognitive skills which are often difficult for learners. The experiments designed 
for the current research are based at Level 1. Without guidance Level 2 and 3 would become 
even more difficult to perform at a distance. 
  
2.3.2 Aims of practical work 
 
The aims of practical work have been categorised by Woolnough and Allsop (1985) as: 
• Stimulating interest and enjoyment 
• Learning experimental skills and techniques 
• Teaching the processes of science 
• Supporting theoretical learning 
In achieving these aims learners should be able to master useful skills which they would apply 
in life in various ways. They should adopt a scientific attitude and approach, they should 
observe, collect information, draw conclusions and apply what they know (Allsop, T. in 
Woolnough (1991), pp 32). These aims also apply to students doing practical work at home. 
The aims of practical work are also influenced by the pedagogic practice of a country. For 
example in a study conducted by  Swain et al (1999), UK educators reflected on investigations; 
Korean educators emphasise on factual recall and illustrative practicals ; Egyptian educators 
show concerns in the aims of practical work which can be traced to the lack of practical work 
in current Egyptian science education. 
 
 
 
2.3.3 Purpose of practical work 
 
In teaching science at school, much time may be set aside for doing practical work (Lubben 
and Millar, 1996; Gott and Mashiter, 1991; Hodson, 1990). This emphasises the importance of 
practical work in teaching science.  
 
However a review carried out by Ross and Lewin(1992) on some of the studies carried out on 
practical work paints a completely different picture. Yager et al. (1969) suggests that it does 
nothing much more than develop manipulative skills. Others go as far as saying it serves no 
purpose at all. White (1988) reports that laboratory work may not achieve the aims expected 
from it because laboratories themselves are inappropriate. They seem divorced from the 
materials and experiences that students encounter in their daily lives. If everyday common 
materials are used it may achieve some of the various functions expected of it. Walburg (1991) 
reports that practical work in schools often follows a recipe approach. Experimentation thus 
becomes a pursuit of trying to produce expected results by data fudging or wrong interpretation 
of ones observations.    
 
As the above review reflects, laboratory work is not without its intrinsic problems. As pointed 
out by Roth et al (1997), in a traditional lab, discovery of a phenomenon guides the experiment 
but the learner does not know the principles guiding the phenomena so how does he discover 
the phenomena? Another problem mentioned is the difference in theoretical framework of the 
educator and learner. Currently, worldwide there is a move away from the traditional discovery 
strategy to inquiry based, open - ended investigations. For distance education science courses, 
inquiry based, open-ended investigations may be difficult to perform as they are likely to be 
without guidance. Learners are active and involved in the processes of scientific investigations. 
But it is important to stress that learners will not rediscover science in the lab without the 
guidance and theoretical understanding. The educator needs to operate within the ZPD of the 
learners, so that the learners can reach their, maximum potential. One way of achieving this is 
by scaffolding.  
 
Scaffolding involves the learner working with a more capable other (educator) on challenging 
tasks s/he could not solve independently. The educator continuously assists (when he observes 
that the learner is struggling) the learner and as the learner becomes confident in developing his 
own knowledge and skills, the assistance is removed (Wood, 1986). Learners are able to learn 
and discover content for themselves and are able to work on their own. This has its own 
implication for the educator as to how much assistance should be given, when to pull back, 
when to interrupt, etc. The educator needs to be sensitive to the learners capabilities and assist 
accordingly. As noted by Ben, the educator in Jaworskis (1997) study, the educator needs to 
be aware of each childs capabilities and create the ZPD accordingly. The learning process 
needs to be monitored in some way and this can be done through assessment. This can be done 
either diagnostically, summatively or formatively depending on what the criteria of the 
assessment are. Within the constructive framework, diagnostic assessment can be used to place 
the learner at his mental capacity level and formative assessment can be used to assess the 
progress of the learner, which will inform the educator what assistance a particular learner 
requires. For the science distance courses, the scaffolding can only be provided during the 
contact sessions, unless electronic communication is readily available.  
Woolnough and Allsop (1985), identified three concerns pertaining to the way practical work is 
carried out in schools. Firstly, much of the practical work in schools appears to have very little 
to do with the activity of the practicing scientists. It assumes that scientific knowledge is 
objective and detached and learning science is a matter of attaching that which is known by 
others onto learners who previously did not know it. Secondly, research suggests that practical 
work is not an efficient way of transmitting an understanding of concepts. Children come into 
the classroom with their own firmly held views about the many scientific topics prior to being 
taught science. These ideas can be tenacious and resistant to change. Thirdly, much time, 
money and effort is spent by educators on practical work.    
 
If current research suggests that the current practice of practical work does not contribute to 
learning science at schools then why do curricula still include it? Perhaps its the way practical 
work is carried out in schools which needs to be examined. 
 Woolnough and Allsop (1985) report that schools tend to over-emphasise academic 
knowledge, assumed to be the foundation stone for the pure scientist, and under-emphasise the 
instinctive, tacit knowledge acquired and applied by the engineer and in the personal activity of 
the creative  scientist. Both the explicit and tacit knowledge need to be emphasised in our 
school teaching. Practical work can be meaningful if it can be used to ascertain and disentangle 
preconceptions/misconceptions learners bring into the classroom. If more materials from nature 
are incorporated into practical activities learners will have opportunities to explore everyday 
materials and scientific principles embedded in everyday phenomena. 
The role of practical work was succinctly summarised by Ramsey and Howe in 1969. Forty 
years on it remains a relevant summary:  
  That the experience possible for many students in the laboratory situation should be an 
integral part of any science course has come to have a wide acceptance in science teaching. 
What the best kind of experiences are, however, and how these may be blended with more 
conventional classwork, has not been objectively evaluated to the extent that clear direction 
based on research is available to educators. (p.75).  
   Microscience kits may well be suited to achieving this blending role because they are readily 
used in ordinary classrooms and in the home  
 
2.4 The new FET (Further Education Training) NCS (National Curriculum     Statement) 
for Physical Sciences of South Africa  
 
The new FET curriculum, introduced in 2006, places some emphasis on learners being able to 
carry out practical investigations. The document states that the purpose of the Physical 
Sciences curriculum is to equip learners with investigating skills relating to physical and 
chemical phenomena. Learning Outcome 1 (LO1) is geared towards acquiring skills and the 
application thereof. It states that a learner should be able to use process skills, critical thinking, 
scientific reasoning and strategies to investigate and solve problems in a variety of scientific, 
technological, environmental and everyday contexts. These skills can primarily be achieved by 
carrying out practical activities. This has implications for the educator who needs to be geared 
towards carrying out these practical activities so that he/she is able to help the learners achieve 
this outcome. The external examination of Grade 12 has a weighting of 30% each in Chemistry 
and Physics for Learning Outcome 1. For all these reasons, in-service training of FET Physical 
Sciences educators, should contribute to preparing them effectively for teaching towards 
achieving Learning Outcome 1. Providing the opportunity to do practical work at home for 
educators studying at a distance can achieve many of the skills geared for achieving LO1.  
 
2.5 Microscale Equipment (especially the microscience kits) 
2.5.1 History 
 Science kits, as reported by Ross and Lewin (1992), have many definitions but their key 
feature is that they comprise a pre-selected collection of items designed to illustrate particular 
scientific principles, usually linked to curriculum material. 
According to Ross and Lewin (1992), Rangoon Arts and Science University in Burma started 
to make and produce science kits in 1965. The curriculum reforms of the 1970s, resulted in 
international aid agency support in terms of one-off supply of kits in many developing 
countries. In Africa, curriculum development projects resulted in local production of low-cost 
equipment and science kits. In 1968, Kenya established an equipment production unit. In 1970, 
Nigeria established the Science Equipment Centre in Lagos with UNDP/UNESCO support. In 
1980, UNESCO listed 21 countries which had established low cost production and 
development units for school science equipment. According to Ross and Lewin (1992), there is 
much information about the availability of science kits but it is isolated and scattered. 
Worldwide development can be monitored by compiling a more comprehensive list of 
activities involving science kits.  
 
 
2.5.2 The RADMASTE Microchemistry kit 
 
The Microchemistry kit was developed at the RADMASTE Centre, South Africa in about 
1992. It has evolved steadily over the past 15 years. Local manufacture started in South Africa 
at more or less the same time. The concept has gradually become known and accepted in South 
Africa especially at secondary school level, but also at primary school and university first year 
levels. Whilst the national Department of Education does not prescribe any particular type of 
equipment, the microscience kits are approved and several provincial departments of education 
have purchased them. In addition a large number of schools have purchased them with their 
own funds and/or received them as donations. At the present time there are about 400 000 kits 
distributed within South Africa. Appendix F shows the dissemination of the microscience kits 
concept with the aid of UNESCO throughout the world. This has been achieved through 
introductory workshops in 77 countries to date (Bradley and Vermaak, 1996). At the 
conclusion of the workshops, it is up to local parties to decide what, if anything, they will do. 
Without fail the microscience kit concept has gained local approval. In 38 countries they have 
somehow found the money to launch pilot projects in local schools. 
 2.5.3 Why use microscience kits? 
 
The attraction of science kits is that pre-selection is preferable for educators who cannot make 
their own selection due to lack of experience. They can be easily packaged and distributed. In 
addition microscience kits are low-cost, environmentally friendly, user-friendly, etc. The 
quantities of chemicals used with microscale equipment are far less than what the macroscale 
experiments require. As reported by Ogino (2005b), the benefits of microscale chemistry 
include reduced waste, reduced times, improved safety and major cost reduction. The 
pedagogical reasons for promoting use of low-cost equipment as reported by Ross and Lewin 
(1992) are:  
• Provide simplified and more relevant science learning experience, 
• Make science education more attractive and enjoyable, 
• Overcome psychological barriers to using equipment. 
There are additional reasons more specific to low-cost science kits; they can: 
• Make it easier to store and order equipment, 
• Support a hands-on approach and learner-centred teaching, 
• Maximise the interaction between equipment and course, 
• Overcome the lack of laboratory facilities in remote and impoverished schools, 
• Improve the management of science lessons, 
• Ease equipment shortages caused by rapid expansion of education 
According to Bradley et al. (1998), microscale experiments help to solve many of the problems 
that educators encounter when planning practical work, e.g. shortage of equipment and 
chemicals, lack of laboratory space, lack of laboratory assistants, shortage of time, lack of 
confidence by educator, etc. Some claim that it is difficult to work with small-scale apparatus 
but there is no substantial evidence to support this claim (Bradley et. al. 1998).  The range of 
experiments can also be extended to all sciences. For example in Biology, experiments like 
food tests, enzyme experiments, etc. may easily be carried out on microscale (Bradley et. al. 
1998). And in Physics, electricity experiments lend themselves naturally to small scale work. 
Mocellin and Russel (1996) go as far as saying that the use of more sophisticated microscale 
chemistry kits at Deakin University, Australia, provides an environmentally conscious vehicle 
to subjugate the amalgamation of the practical disciplines of synthesis and instrumental 
characterisation of products.  
 
2.5.4 Research on use of microscience kits  
 
There is a considerable amount of research which has been undertaken which has shown the 
effectiveness of the use of the kits, provided educators are suitably trained.  
Bradley and Vermaak (1996) looked at whether microscale techniques could be used as an 
alternative strategy for providing practical work where laboratories, equipment and funds are 
limited. They also looked at whether hands-on activities could result in positive attitudes 
towards science and increased understanding of certain concepts. The sample consisted of 
more than 600 standard nine (grade 11) learners from 30 South African schools, including 
schools from former white and black education departments from urban, peri-urban and 
rural areas. The results obtained, showed overwhelmingly positive attitudes towards practical 
work with microscale equipment. An improvement in subject knowledge and understanding 
was observed in all experiments. It was concluded that good science teaching does not depend 
on sophisticated equipment. 
Sebuyira (2001), conducted a similar study as above but the sample consisted of first year 
Chemistry Major students at the Chemistry Department, University of the Witwatersrand. 
Sixty-five students performed 4 experiments, 2 on macroscale and 2 on microscale. The results 
obtained showed that both demonstrators and students expressed positive attitudes towards 
microscale experiments. In this particular study greater knowledge gains were obtained from 
microscale work. The study also reported on advantages and disadvantages of the microscale 
kits relevant to the kit employed. The advantages included, less contamination using the 
comboplate compared to traditional test tubes, and the kit was safer to use. The Bar LED 
Microconductivitiy kit provided a very convenient, semi-quantitative way of comparing 
conductivities of aqueous solutions. Some of the plastic items from the kit went missing, but 
when compared to traditional breakages of glassware the replacement cost would be minimal. 
The quantity of chemicals used for microscale experiences is much less than that required for 
macroscale experiences. An important result of the study is that students felt safer using the 
microscale kit.  
Mkhwanazi SJ (2003), looked at the factors affecting the use or non-use of microscale science 
equipment supplied to Mpumalanga secondary schools. He reported that from the 20 schools in 
his study, 55% of the educators were using the kits supplied. He assumes that this percentage 
may hold for the rest of the schools supplied with the equipment. He noted that training in the 
use of the kit, monitoring the implementation and continuous support to educators are key 
factors in the successful use of the microscience kits. Mkhwanazi V. (2003) looked at the 
practices of some secondary school educators who use the microscience equipment and factors 
influencing its use. A questionnaire was administered to thirty educators in schools which 
received the microscience equipment. The study revealed that the kits were extensively used by 
educators for group sessions and for demonstrations. There was an overwhelming support for 
the kits from educators. She also reports that the kits seem to also achieve some of the affective 
aims of practical work.  
The lack of chemistry practical work in many Mozambican junior secondary schools, prompted 
Madeira (2005) to use the microchemistry kits in schools and observe their influence on the 
learning and teaching of chemistry. Four schools in the city of Beira were chosen for the study, 
whereby two schools served as an experimental group where the microchemistry kits were 
used and the other two were used as the control group  where no microchemistry kits were 
used. The influence was measured by administering a pre-questionnaire and after eight weeks 
of intervention in the experimental group (where the microchemistry kits were used to support 
the teaching of chemistry) a post-questionnaire in all four schools. The results reveal that the 
learners from the experimental group performed better on average than learners from the 
control group in the questions which required conceptual understanding and in laboratory-
based knowledge questions. This difference was attributed to the use of the microchemistry 
kits.   
Thus microscale kits have many advantages for performing experiments. Not only are they 
much less costly, but they use less chemicals than traditional equipment. They are also safer to 
use and do not require a laboratory  both important advantages for home use by distance 
learners. 
 
2.6 The nature of studying through distance education 
2.6.1 Definition 
 
Many definitions have been formulated for distance education, but as appears in Otto (1993), it 
is a special form of education in which: 
• Educators and students work apart from each other  at a distance; 
• Educators and students do not communicate eyeball to eyeball with each other; 
• Letters (and other printed material) are exchanged with the help of the mailing system 
including electronic mail; 
• The learning usually takes place in the homes of the students; 
• The teaching-learning process assumes the form of self-study, but may be guided by the 
educator; 
• The teaching-learning process allows a degree of openness with regard to access, goals 
and methods; 
• The student does not have to cease work for a living as study can continue alongside 
work. 
The apartness of the educator and learner, eliminates the emotional dimensions of instruction. 
The advantage is that a student can study while working at his/her own pace. Most courses are 
modularized, and therefore there is a degree of freedom in choice of subjects. 
 
2.6.2 Interactions within distance education 
 
Moore (1993), identified three types of interaction within distance education: 
Learner-content interaction  this is the process of the learner intellectually interacting with 
the content or subject of study, which results in the learners understanding. 
Learner-instructor interaction  regarded as essential by many educators, distance 
instructors seek to stimulate and maintain the learners interest, to motivate the learner to learn, 
including self-direction and self-motivation via specially designed material, tutorial letters, 
feedback on assignments, etc. But the responsibility of learning lies with the learner. 
Learner-learner interaction  This can now be achieved with peer group interaction by e-
mail and computer chatting.     
 
2.6.3 Structure of self-study material 
 
Studying through distance education has gradually increased internationally due to economic 
constraints, a desire for flexibility, etc. Studying is difficult, but becomes more so for a 
distance learner who cannot easily turn to someone for assistance. Thus the structure of the 
self-study material becomes very important. According to Bennett and Klease (1996), it should 
motivate the learner, build confidence by letting students themselves assess how much they 
really know, be student friendly and interactive. 
 For science learning this becomes more vital as the learning of science is hierarchical. Science 
is often regarded as abstract and difficult to understand. Thus the writers of study material need 
to make it more creative and exciting for the learner to want to study it.  
2.6.4 Practical work in distance education 
How can the distance learner experience practical science? In the seventies, The Open 
University in the UK used to ship off mini-laboratories to distance science learners. Due to 
legislation on shipping of chemicals other ways were sought (verbal communication with 
Bennett in 2004). Bennett (1994), reports on the success of using microscale equipment at 
home by students studying science through distance education. The majority of the students 
liked the flexibility and convenience. Comments such as take-home labs are really neat and 
fun were frequent. 
With the advance in technology, using multimedia for experiments was also developed. As 
discussed by Bennett (1994), experimental simulation systems have been developed which 
allow students to select chemicals, calculate quantities, design apparatus, perform analysis, etc. 
But simulation systems do not allow science students to feel like a real scientist, performing 
experiments with real chemicals, nor to learn how to handle chemicals responsibly. Other 
factors influencing use of simulations is that a particular software may not be able to obtain 
quantitative data for an experiment and some software may not be economically viable as it is 
expensive (Moodley et al 2004). Experimental simulation may be well out of reach for most 
South African schools as it would need a computer lab to access the software and not many 
schools have a computer lab.   
In developing countries most distance students do not have access to a computer. According to 
a survey carried out by Gunter (2005), only 32% of the educators that formed the sample group 
for the current research had access to a computer. This may be at the school where they are 
teaching but more often than not it is locked away in the strong room for security reasons or 
reserved for administration. Hence access is severely limited to South African educators for 
study purposes at the present time.  
 
2.7 Conclusion 
 This chapter looked at the theoretical framework underpinning the current study. The literature 
reviewed in looking at the various aspects will inform the interpretation of the data collected 
for the study. The next chapter looks at the context, research design and methodology used for 
the current study. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER 3 
 
CONTEXT, RESEARCH DESIGN AND METHODOLOGY 
 
3.1 Introduction 
 
In chapter two the literature related to the study was reviewed. It outlined the theoretical 
framework related to the study, the importance of practical work, the past experiences in using 
microscience equipment and some of the special features of learning through distance 
education.  
This chapter looks at the context, research design and methodology used in this study of 
providing practical experience for students studying science through distance education. The 
instruments used and the data collection process are also discussed. 
 
3.2 Context  
 
RADMASTE Centre at Wits University in collaboration with the Mpumalanga Department of 
Education (MDE), (Appendix G shows the general map of Mpumalanga province) are running 
the ACE (Advanced Certificate in Education) course for educators in Maths and Science from 
that province. This is a certificate course to upgrade the educators qualifications. The MDE 
had invited educators who were interested to do the ACE to apply.  Forty educators for each 
class [Maths GET (General Education Training) and FET (Further Education Training); 
Science GET and FET] were chosen depending on their previous qualification, teaching 
experience, etc. In the event, thirty seven educators from the Mpumalanga province, teaching 
Physical Science at FET level, formed the sample group for the current research.  
The ACE course at Wits University uses a mixed-mode delivery approach and extends over 
two years. That is, four contact sessions (usually five days each, during the school holidays) 
are spaced throughout each year, where educators come for the face-to-face interactions. For 
the rest of the period educators are required to work on their own or with fellow students. It is 
assumed that the educators would be operating at the formal operational stage according to 
Piagets stages of development. For each course, portfolio tasks and assignments are set which 
are sent in via post, marked and sent back to educators. During 1 year educators complete 3 
specialisation courses (either in Maths or Science) and 2 education courses. 
The researcher is a tutor for two of the FET courses being offered, namely Structure and 
Properties of Matter and Chemical Reactions. All the practical activities (see Appendix H for 
the practical manual) that were done at home (the basis of this research) using the 
RADMASTE Advanced Microchemistry kit (one of the kits of the RADMASTE Microscience 
system), were related to the Chemical Reactions course.   
 
3.3 Research Approach 
 
There are various approaches to carrying out research, for example, case study, action research, 
experimental, etc. The current research used a quasi experimental approach. 
A true experiment uses randomization so as to try and ensure a greater chance of equivalence 
of the groups being looked at. Educational research often does not allow this kind of 
randomization, therefore it is often a quasi experiment. In this the groups being studied are as 
equivalent as possible.  
 
3.4 Research design 
 
3.4.1 Paradigm of Enquiry 
 
 The paradigm of enquiry can be characterized by two modes. The one is rationalistic and the 
other is naturalistic.  
According to Kember et al (1990), in a rationalistic enquiry, each variable of a facet is isolated 
and then used to draw a conclusion. The context in which the variable is embedded is ignored. 
Usually quantitative methods are used to gather information within this mode with items that 
have Likert scale responses. Evaluations usually test a hypothesis the researcher has posed. 
The research design can be specified before the data is collected within a rationalistic enquiry. 
The disadvantage is that the responses cannot be checked for accuracy and thus the 
questionnaire needs to be carefully designed to make sure the findings reflect what the 
researcher really wants to achieve. 
Kember et al (1990), describe a naturalistic enquiry as one in which the phenomena under 
investigation must be studied as a whole and not out of context. Thus an interview, in which 
the inquirer is an integral part of the investigation, is essential to the naturalistic mode of 
enquiry. The interview data cannot be used to make generalizations beyond that bounded by 
the study. Usually qualitative evaluation is used for a naturalistic enquiry. The naturalistic 
designs do not start with a hypothesis, but usually it emerges from the data. Thus the theory is 
grounded in the data.  The research design develops as the study progresses. An advantage to 
this type of enquiry is that answers can have great depth, but it is time consuming and the 
generalisability of the findings is not guaranteed.  
For the current research a blend of both modes of inquiry has been adopted so that responses in 
the questionnaire can be checked for accuracy during the interview. The two modes 
complement each other. 
 
3.4.2 The design and piloting of questionnaires 
 
To answer the three research questions, data was collected using questionnaires and 
supplemented by interviews. According to Opie (2004), the questionnaire is the most widely 
used procedure for obtaining information. It is economical, standardized, assures anonymity 
and questions can be written for a specific purpose. It can be used to collect a variety of 
information in a short period of time. The guidelines provided by Opie (2004) for constructing 
good questions were considered for the questionnaire. These included, keeping questions 
unambiguous and precise; avoiding bias terms and emotional language; using closed questions 
with at least three choices, keeping questions short and simple; asking general questions before 
specific; etc. In considering the format of the questionnaire, suggestions given by Opie (2004) 
were also considered.  These included, having a cover letter to inform the participant about the 
purpose of the questionnaire; giving clear instructions for answering the questions; ensuring 
that items in the questionnaire related to the objectives of the study; recognizing that questions 
should be woven together and flow smoothly. According to Opie (2004), points to consider 
when administering the questionnaire, include, making conditions under which the 
questionnaire is administered as similar as possible (for example pre- and post- questionnaire 
should be carried out in similar conditions in terms of place, time taken to complete the 
questionnaire, layout of questionnaire, etc.); making sure that the group that is being used as 
the sample knows something about the information to be obtained for the research; pre-testing 
the questionnaire with a small group similar to the sample group. These points were considered 
for the current research.  
The questionnaire (Appendix I) used for answering research question 1, comprised of seven 
questions which allowed the educators to note their experiences in using the microchemistry kit 
at home. Six of the questions were open-ended, thus allowing for a richer collection of 
information. The one question asks their opinion in using the kit with regards to easiness, 
safety of use, caring for the kit, etc. It consists of fourteen items, and uses a 5 point Likert type 
scale. These experiences are implicitly linked to the question (Appendix J, Question 7) which 
looked at the attitude of educators views towards practical work in learning and teaching 
science. 
The questionnaire (Appendix J) used to answer research question 2 comprised of seven 
questions. Five questions give access to number of years of teaching experience, state of 
laboratory in the school they are teaching, pre-service laboratory experience, etc. One question 
is designed to ascertain the educators confidence towards practical work. Another question 
consists of five items on the three point Likert type scale, which look at the role of practical 
work in learning and teaching science. This questionnaire was used as a pre- and post-
questionnaire to see if the educators views towards practical work changed after using the 
microscience kit at home. This change in attitude is compared to their experiences in using the 
kit at home to answer research question 2. 
 The questionnaire (Appendix L) used to answer research question 3 comprised of 10 
questions. All the questions were open ended with the aim of collecting richer data. If the 
question asked the educator to answer YES or NO, they were required to justify their choice. 
Thus it allowed the educators to justify their attitude and experiences in a more open manner. 
The cognitive, psychomotor and affective domain of learning and teaching of science formed 
the basis of phrasing the questions.   
The questions in the three questionnaires were designed such that the first would provide their 
experience, the second would ascertain their attitude and the third would provide an 
opportunity to elaborate on their attitude and experience. 
Due to time constraints all the questionnaires were piloted using 15 colleagues in the research 
methodology course which forms part of the Masters in science Education degree. Their 
comments and suggestions were considered in redesigning the questionnaires. 
 
3.4.3 Interviews 
 
As Opie (2004) suggests a questionnaire can answer the questions What? Where? When? and 
How?, but it cannot answer Why? Thus to answer research question 2, where the personal 
experiences of the individuals were sought, interviews were conducted to gather information. 
Interviews allow respondents to develop their own ideas, feelings, attitudes, etc. With probing 
from the interviewer much information can be gathered that would be impossible with using a 
questionnaire. There are three types of interviews: structured (uses standardized, short 
questions, requiring short answers, it is often unbiased); semi-structured (similar to structured 
but is more flexible), allowing for probing and thus expanding the interviewees responses, it 
needs to be carefully worded to prevent miscommunication; and unstructured (this flows from 
the interviewees idea on a particular topic).  
The disadvantages of interviews are that they are time-consuming, subject to bias and 
interviewers interpretation. They may also be difficult to interpret and analyse. The 
interviewer needs to have good interpersonal skills. Things to consider for interviews are (as 
discussed by Opie (2004)): contextual factors, stages in preparing for and carrying out 
interviews, collecting interview data, etc. These factors were considered when interviewing the 
educators. Cresswells (1998) procedure was used for analyzing the data. The procedure 
includes: organization of data; categorization of data; interpretation of data; identification of 
patterns and synthesis.  
Due to time constraints it was impossible to interview all the educators. As noted by Opie 
(2004), it is the relatability of the findings to similar settings, rather than the generalisability, 
which should be considered as an important outcome in this instance. Therefore 4 educators, 
representative of the group, were visited at home (with their permission) to gain an insight into 
their background, setting, etc. The educators were viewed performing experiments and 
interviewed (see Appendix K for interview questions) on their experiences, challenges, 
suitability of the kit, etc. The comments given by the educators were viewed as objectively as 
possible.  
 
3.5 Research Methodology 
 
In the contact session, at the beginning of the Chemical Reactions course, the pre-questionnaire 
for answering research question 2 was administered to obtain the educators attitude towards 
practical work, before they were exposed to the microchemistry kits.  
To introduce them to the microchemistry kit, an experiment was carried out in the session. 
Each educator was given a kit and set of instructions for the experiment (Electrolysis of 
Water). The researcher was at hand to supervise while the educators carried out the experiment. 
If any difficulties with using the kit were noted, this was clarified. The questions relating to the 
experiment were discussed by the educators in groups and, at the end of it, a plenary was held 
to clarify any enquiries. A video showing various simple experiments was also viewed by the 
educators. A practical activity booklet containing 5 experiments (The experiments chosen were 
at Level 1 of Inquiry (Woolnough,1991)), was given to each educator, with chemicals that they 
would require to complete these experiments at home. The aims of practical work (Woolnough 
and Allsop, 1985) were also taken into account in the design of the experiments to be 
performed at home. Conducting practical work at home embeds it in the educators daily life 
and thus may be more meaningful to learning. It may also create a situated learning 
environment (Choi and Hannafin,1995). 
Small plastic bottles, plastic vials and the bulb of sealed propettes (sealing the tip of the 
propette, by passing through a flame after the chemical was drawn in the bulb), were used to 
package the chemicals for the educators (Figs. 1 and 2) 
 
 
Fig 1a: Chemicals being packed for the  
educators to take home 
 
 
Fig. 1b: The microchemistry kit with the chemicals  
packed for distribution to educators 
 
 The same method is used by the At Home Science company to distribute their chemicals 
(Appendix A). Each experiment was studied to see the exact quantity of each chemical which 
would be required. The educators were supplied with twice the quantity that should be required 
so that, if they made a mistake doing the experiment once, or if they wanted to confirm their 
results, they could do the experiment a second time. They were required to complete the 
worksheets for each experiment and submit them at the next contact session, as it formed part 
of their assessment. By doing the experiments at home while working through the Course 
Workbook, educators were provided the opportunity to construct their own knowledge which is 
a continuous and active process.    
The period between the first and second contact session was about 3 months. During this 
period the researcher kept in contact with the educators via a bulk sms messaging system. A 
message was sent approximately every three weeks. The messages served as a reminder for the 
educators to keep on track with the course workbook material as well as the experiments. For 
example a typical message would read: 
    Hi, by the end of this week you should have completed Chapter 3 and Experiment 2. 
The educators were encouraged to sms the researcher if they experienced any difficulties and in 
this way interaction was frequent. No major enquires were received with regards to the 
practical work at home. 
At the second contact session, the questionnaire for answering research question 1, relating to 
the experiences in using the microchemistry kit at home, was administered. The post-
questionnaire for research question 2 was administered at the same time. There was no time 
limit set for answering the questionnaire. For those educators that did not complete the 
questionnaires during the contact session, they were allowed to bring them to the session the 
next day. The experiments done at home were also discussed in detail during this session. This 
was done to provide the opportunity for restructuring and application of ideas (Matthews, 
1994).  
The questionnaire to answer research question 3, pertaining to what the educators learnt from 
at home  practical activities, was administered to another group of educators who had 
enrolled for the same Chemical Reactions course in the following year. The background of 
these educators was inherently the same as the first group.  
 To interview the educators in their homes, 4 educators enrolled for the Chemical Reactions 
course were randomly chosen. Each educator was called and permission was sought to visit 
him/her at home. Only those educators that were willing to be interviewed were chosen. The 
educator was visited at home according to the day and time mutually agreed by the educator 
and researcher. 
 
3.6 Presentation of data 
 
Research data can be presented in two ways, either quantitatively or qualitatively (Opie, 2004). 
Most research may require a combination of the two. Quantitative analysis requires some form 
of statistical analysis. It is a statistical measurement of the interaction between independent and 
dependent variables as a result of some treatment or intervention. These results are often valid 
and reliable. Statistical analysis includes descriptive and inferential statistics. Descriptive 
analysis, includes calculation of the percentages, mean, median, and standard deviation, etc. 
Inferential analysis involves two types of tests: non-parametric and parametric. According to 
Opie, (2004) Non-parametric tests are associated with nominal or ordinal data obtained from 
populations where no assumptions are made about the distribution within these populations. 
The findings cannot be extrapolated to other populations. Parametric tests allow for 
extrapolation from sample populations to whole populations.  Before doing complicated 
statistical analysis it is important to know what the analysis is going to serve. For the current 
research descriptive analysis was employed.  
Qualitative analysis involves text which may be collected from open questions in a 
questionnaire, interview transcripts or descriptions from observational research (Opie, 2004).  
Because it is descriptive it is dependent on the researchers interpretation. Its subjective nature 
may result in lack of validity and reliability. As noted by Hair et el (2007), analysis of 
qualitative research involves three steps: data reduction, data display and conclusion. Data 
reduction consists of several interrelated processes: categorization and coding; theory 
development; and iteration and negative case analysis. According to Dey (1993) in Basit 
(2003), categorization and coding involves sub-dividing data and assigning categories. This 
leads to organization of the data which results in finding commonalities and patterns.    
 For the current research both qualitative and quantitative analysis was employed. 
 
 
 
3.8 Ethical issues 
 
When looking at ethical issues (especially for qualitative research), the following criteria 
should be taken into account (Opie, 2004): 
Informed consent   
Confidentiality 
Dignity of research participants 
Anonymity of the research participants 
Minimization of harm 
Trust  
Transparency 
Each criterion will be examined in detail to see how it was addressed in the current research. 
The criteria were used to plan the research in a way that would not compromise the dignity, 
privacy and rights of the participants. 
 
3.8.1 Informed consent 
 
A letter was written to the Head of Department, Mpumalanga Department of Education to 
obtain permission to conduct research using the educators from that area. To obtain consent 
from the educators (the sample group), the attitude survey had a letter attached to it which 
informed the educators about the purpose of the research and also that the information gathered 
would be used for research. The researcher had verbally informed the participants beforehand 
explaining in detail the research being conducted. During the contact session the researcher 
identified the educators that would be interviewed for the case study. They were informed in 
detail about the intended form of the interview and permission was taken from each individual 
to visit their home for the interview. The researcher phoned each individual to set up a time for 
the appointment when it would be suitable for them.   
 
 
 
3.8.2 Confidentiality 
 
The educators were told that their opinions, performance and answers would not be made 
available to the Department of Education or to any other person whatsoever, besides the 
researcher.  
 
3.8.3 Dignity of research participants 
 
 The researcher is also a learner and understands the importance of being respected at a human 
level. The researcher at all times maintained a high level of dignity and morality in the class 
during contact sessions when participants answered the questionnaires and when the selected 
individuals were interviewed. 
 
3.8.4 Anonymity of the research participants 
 
 The participants were told that their names would not appear in the research report, neither   
for the questionnaire nor the interviews. 
 
3.8.5 Minimization of harm 
 
 For the purpose of the current study, the researcher stressed the importance of practicing the 
safety rules when handling chemicals (the experiments were carefully chosen to avoid 
chemicals which may pose significant danger to the research participants). Though the rules 
and regulations were written in the workbook the researcher spent considerable time going 
over each point in detail with the educators during the contact session. The educators signed an 
indemnity form which stated that they would behave in a responsible manner to avoid damage 
to self and property.  
 
 
 
 
3.8.6 Trust 
 
The trust can be built through the researcher being approachable, with communication that is 
two-way and letting the participants see that the researcher is also human and anything said to 
him/her will be confidential. The researcher worked at these points in the contact sessions. The 
contact sessions were used to get to know the educators on a personal level.  
 
3.8.7 Transparency 
 
The educators were informed from the beginning about the research and were asked to give 
their input that may enhance the research. At the contact session it was ascertained that most 
educators did not have much experience with practical work. For that reason a session was 
devoted to doing an experiment that would allow the educators to familiarize themselves with 
the equipment. They showed much enthusiasm and a lengthy discussion followed on the pros 
and cons of practical work.   
 
3.9 Rigor in Research 
 
In order to ensure rigor in research, reliability, validity and trustworthiness need to be 
considered. Let us examine each in detail and how it was addressed in the current research. 
Reliability: According to Opie (2004) the main criteria for reliability are repetition and 
consistency. This means can the research, if conducted in a different setting, yield the same 
results. Is it transferable?  
According to Wellington (2000), as quoted in Opie (2004)  Validity refers to the degree to 
which a method, a test or research tool actually measures what it is supposed to measure 
Trustworthiness, according to Opie (2004) refers to whether the findings are worth paying 
attention to. This transforms to whether the data reported is credible, transferable, dependable 
and confirmable.      
Reliability, validity and trustworthiness have relation to whether the research is quantitative or 
qualitative. Quantitative research is usually valid and reliable but not so qualitative, as the 
results are dependent on the interpretation of the researcher. To assess attitudes towards 
practical work a questionnaire is a valid instrument to use. The same questionnaire was used 
after the treatment (doing practical work at home) to see if there was any change. The 
questionnaire to gain insight into their experiences in using the microscience kit at home was 
again quantitative. As noted, questionnaires are quite reliable as they are objective and can be 
used in different settings, if designed properly. The data collected may differ in the extent to 
which the attitude of educators may change in a different setting, but it will measure this 
change in attitude.    
But often researchers use a mixed approach (qualitative and quantitative) as a question can be 
answered with one method and the results understood using another method. For example in 
the current research the questionnaire aimed to ascertain the attitude of educators towards 
practical work before and after the treatment (quantitative), but the reason for any change (to 
include a human aspect) can only be understood from the interviews (qualitative).  
The interview (case-study) to reveal what educators learn from at-home practical activities, 
may be subjective (as interviews tend to be), but the researcher tried to ensure that the 
responses were interpreted in the way the respondent intended. With interviews there is an 
advantage because, if the response given is not clear, it can be clarified with the respondent 
instantly. The ethical issues discussed above had to be taken into consideration for the data 
collected to be reliable and valid. 
The current research is a first of its kind, therefore will not make wide and general claims but 
will claim for the particular group. For that reason there will be no benchmark against which it 
can be measured. Perhaps it can be used for future studies of similar kind using a different 
sample group. The comparison of the findings may then be applied to a larger group and thus 
make it more trustworthy.  
 
 
 
In conclusion, this chapter looked at the context, research design and methodology, ethical 
issues, etc. used in the current research. 
The next chapter will look at the presentation, analysis and discussion of data obtained via the 
questionnaires and interviews.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER 4 
 
PRESENTATION AND ANALYSIS OF DATA  
 
4.5 Introduction 
 
The previous chapter looked at the context, research design and methodology used to collect 
data for the present study. This chapter will present, analyse and discuss the data collected 
from the three questionnaires and interviews. It also includes a report on the completed 
experiment worksheets submitted by the educators.  
 
4.6 Questionnaire for the attitude towards practical work 
 
The questionnaire to ascertain the change in attitude towards practical work was firstly 
administered before any exposure to the microchemistry kit, to see the educators attitude 
towards practical work in general. The same questionnaire was administered after they had 
completed the 5 experiments (for the Chemical Reactions course) at home, using the 
microchemistry kit, to ascertain if their attitude towards practical had changed, either positively 
or negatively, under these circumstances. 37 educators answered the questionnaire. Appendix 
M shows a sample of the questionnaire answered by one of the educators. The data obtained 
from the pre and post questionnaires are presented (in percentages) below in table format. 
Where appropriate, the data is presented graphically to compare pre and post results. 
Responses from educators during the interviews have been incorporated to illuminate their 
responses in the questionnaire. 
Question 1 asked the educators to state the number of years of experience in teaching science at 
FET level. The results are presented in Table 3. 
 
 
 
 
 
 
 
Table 3: Experience in teaching science at FET level  
No of years of teaching 
FET science 
Percentage (%) 
(n =37) 
0 -5 65 
6 -10 22 
11 -15 8 
16 -20 5 
 
From table 3, it can be seen that two thirds  (65%) of the educators have only 5 years or less 
experience in teaching science at FET level. 22% of them have 6 to 10 years of experience. 
Question 2, asked the educators to state if the school at which they are teaching has a fully 
functional laboratory. The results were categorised as in Table 4. 
 
Table 4: Schools with a fully functional laboratory 
 
 
 
 
 
 
 
All the educators indicated that they had some form of laboratory. Only 3 % (1 school) claimed 
to have a fully functional laboratory. 3% do have microscience kits at school, but it can not be 
concluded that the educator uses the kits in his/her everyday teaching. A very high percentage 
(91%) does not have a fully functional laboratory at their schools. From this it can be inferred 
that these educators do not have the opportunity to use practical work as a tool for teaching 
science.  
Question 3, asked the educators to state (if they answered that they have a laboratory in 
Question 2) whether they used demonstrations (where the educator stands in front of the class 
and performs the experiment and the students watch) for teaching or did the students perform 
their own experiments.  The data collected indicate that 86% use demonstrations to teach 
science, whereas 14% stated that the students perform their own experiments. Since only 3 % 
have a fully functional laboratory, this indicates that most of the educators make use of 
Categories Percentage (%) 
(n = 37) 
Laboratory  not fully functional 91 
Laboratory  functional 3 
Laboratory  only chemicals 3 
Laboratory  microscience kits 3 
whatever resources they have to either carry out demonstrations (86%) or allow students to 
perform their own experiments (14%). The high percentage of educators that carry out 
demonstrations may also be seen as consistent with the laboratories not being fully functional 
in 91% of schools.    
In Question 4, educators were asked if they performed their own experiments during their pre-
service training course. They were further asked to elaborate in Question 5, if the amount of 
practical work they did in their pre-service training course makes them feel competent or not in 
performing experiments. The results are presented in Table 5. 
 
Table 5: Performance of experiments during pre-service and level of competency  
 
                                         
   
 
 
 
 
 
As Table 5 indicates, 86% of the educators performed their own experiments, but only 62% of 
them feel competent to do their own experiments. Many explanations are possible for this 
difference. It may be that they did not do enough experiments to feel competent to do it on 
their own, or they may have done it long ago and due to lack of equipment at the school where 
they teach, they do not feel competent any longer to do the experiments.  
 
Question 6 asked them to expand on whether they felt confident or nervous about doing 
practical work themselves; demonstrating in front of the class or supervising while the students 
performed the experiments. This question was asked to see if their view would change after 
using the kit. If their experience in using the kit was positive this might show up in the results 
as an increase in their confidence in performing experiments in all three categories. Table 6 
indicates the results obtained. 
 
 
 
Categories Percentage (%) 
(n = 37) 
Performed own experiments during pre-
service course 
86 
Did not perform own experiments during 
preservice course 
14 
Feel competent 62 
Dont feel competent 38 
Table 6: Confident/nervous of doing practical work   
 Confident (n = 37) Nervous (n = 37)   
Categories Before 
(%) 
After (%) Before (%) After (%) 
Yourself 81 95 19 5 
Demonstration (in front of a class) 92 97 8 3 
Supervising (your learners are 
doing it in the class) 
86 95 14 5 
 
The results indicate that the level of confidence of the educators is high in performing 
experiments themselves, demonstrating and supervising. This feeling of confidence is higher 
than that noted in Table 5. This could be due to gaining more experience and thus more 
confidence as their teaching experience increases.  This high level of confidence, increased 
further after they had used the microchemistry kit at home to perform experiments on their 
own. These results suggest that their experiences in using the microchemistry kit must have 
been positive. 
Question 7, asked educators to give their views on whether practical work was essential for 
learners in learning science. The question had 6 criteria listed, pertaining to the cognitive, 
psychomotor and affective domains of learning or teaching for conceptual change (Lunetta and 
Hofstein 1980). The same question was administered after they had used the microchemistry 
kit at home to see if they still held the same views. This question is valid because the educators 
themselves are learners doing the Chemical Reactions course (and performing experiments) 
within the ACE course.  The results obtained are as indicated in Table 7. None of the educators 
disagreed with any of the criteria. 
 
 
 
 
 
 
 
 
 
 
 
Table 7: Attitude on whether practical work is essential for learners, in learning science 
Criteria %Strongly 
Agree (n=37) 
%Agree (n=37) 
  Before After Before After 
a) Improve conceptual understanding 89 89 11 11 
b) Improve psychomotor skills 62 70 38 30 
c) Allow learners to learn process 
skills of science 
84 86 16 14 
d) Make the learners more confident 76 76 24 24 
e) Make learners enjoy the subject 
matter more 
78 78 22 22 
f) Provide learners with life skills 
related to safe handling of chemicals 
65 70 35 30 
 
From Table 7 it can be seen that initially a high percentage of the educators agreed with all the 
criteria. After doing practical work at home using the microscience kit this remained 
unchanged or changed towards a higher percentage of educators agreeing. Thus it can be 
concluded that their home experience confirmed their initial beliefs, and did not negate their 
attitude towards practical work in general. These strong agreements confirm previous reports. 
The studies by Bradley and Vermaak (1996) and by Sebuyira (2001) showed that the use of 
microscience kits increased understanding of science concepts and achieved greater knowledge 
gains respectively. Bradley et al (1998) stated previously that use of microscience kits makes 
learners more confident about doing practical work. The enjoyment of subject matter is 
supported by the view of Ross and Lewin (1992), who state that use of science kits makes 
science more attractive and enjoyable for the users. Bennett (1994) reports that the use of a 
microscience kit at home, made learning flexible and attractive.  
It can be concluded that the educators strongly agreed with all the criteria listed on the 
importance of practical work in learning science thus confirming the aims of practical work 
categories listed by Woolnough and Allsop (1985).  
Their personal use of the kits in fact, overall, made a positive impact on their views on the 
importance of practical work in learning science. No negative indications of any kind appeared.  
Fig 1 summarises the comparison of the pre and post test results (% of educators that strongly 
agreed) of the 6 criteria listed in Question 7. The results indicate that educators do find the 6 
criteria listed in Table 7 important for practical work. This, together with their increased level 
of confidence in performing experiments themselves, or demonstrating or supervising practical 
work, after the use of the kit at home (Table 6), is a definite indication that the kit was 
successful as a tool for doing practical work at home for these distance learners. 
 
Fig 1: Comparison of attitude towards practicalwork before and after use of 
microchemistry kit at home (% of educators that strongly agreed)
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4.7 Questionnaire for experiences in using the microchemistry kit at home 
 
The questionnaire on the experiences in using the microchemistry kit at home was 
administered at the contact session after the educators had completed the 5 experiments at 
home during the self study period. 37 educators answered the questionnaire. Appendix N 
shows a sample of the questionnaire answered by one of the educators. Where appropriate, 
responses from educators during the interviews, have been incorporated to shed further light on 
their responses in the questionnaire. 
 
4.7.1 Question 1 
 
Question 1 referred to their experiences in performing experiments at home using the 
microchemistry kit for the ACE course, Chemical Reactions. The question had 15 statements 
of experience with which educators could express agreement or disagreement on a 5-point 
Likert scale. Most statements could be linked explicitly or implicitly, to the 6 criteria in 
Question 7 of the questionnaire to ascertain the attitude towards practical work . They were 
required to tick (") the appropriate box to show their opinion. The responses are indicated in 
Table 8. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 8: Experiences in using the microchemistry kit at home 
Criteria  %Strongly 
Agree 
(n=37) 
%Agree  
(n=37) 
%Neutral  
(n=37) 
%Disagre
e (n=37) 
%Strongly  
Disagree 
(n=37) 
1) It was easy to handle 32 58 5 0 5 
2) The reactions were 
DIFFICULT to observe 
3 20 22 41 14 
3) It was safe to use 27 41 22 7 3 
4) Experiments took 
LOTS of time to 
complete 
3 19 22 51 5 
5) The equipment was 
easy to clean 
36 51 8 5 0 
6) Instructions were 
easy to follow for each 
experiment 
59 31 5 5 0 
7) The disposing of 
chemicals was a 
PROBLEM 
5 27 11 51 6 
8) It was easy to store 
the kit 
22 38 16 16 8 
9) It was easy to care for 
the kit 
35 30 19 13 3 
10) It was fun to use the 
kit 
35 43 8 11 3 
11) I am keen to do 
more experiments using 
the kit 
58 30 8 3 3 
12) It did NOT HELP to 
develop my practical 
skills 
3 10 11 49 27 
13) It assisted in 
developing my 
confidence in practical 
work 
54 30 8 5 3 
14) Doing the 
experiments DID NOT 
help me understand the 
chemistry concepts 
involved 
3 3 3 37 54 
15) I would NOT like to 
have to do experiments 
with other ACE courses 
3 3 2 38 54 
 
As the results in Table 8 indicate the experiences in using the microchemistry kit at home were 
generally very positive. To ascertain how the experience (1-15) in using the microscience kits 
at home influenced their attitude, experiences will be compared with particular attitude criteria 
(a-f). The attitude after the use of the kits will be influenced by this use of kits, thus this data 
(the attitude after the use of the kits) will be used in the comparison of experience versus 
attitude. Since more than one experience is linked to a particular attitude, the attitude criterion 
will be taken as the starting point. 
The results obtained for attitude criterion a (Improve conceptual understanding, Table 7) after 
the use of kits is, directly linked to experience 14 (Doing the experiments DID NOT help me 
understand the chemistry concepts involved, Table 8).  The results obtained for this experience 
is represented in Fig  2. 
 
Fig. 2: Doing the experiments DID NOT help me in understanding the concepts 
involved
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As Fig. 2 shows, only 3% (1 student) agreed that doing the experiment did not help to 
understand the concepts better. A high percentage of students disagreed with the statement, 
suggesting that they feel doing the experiments did help them understand the concepts 
involved. This relates well to their attitude (89% strongly agreed before and after doing the 
experiments).The unaltered attitude before and after using the kits suggests that their 
experience matched their conventional attitude toward practical work. The study reported by 
Bradley and Vermaak (1996), also showed that the use of kits increased understanding of 
concepts by learners.  
Attitude Criterion b (Improve psychomotor skills, Table 7) could be influenced by experiences 
1 (It was easy to handle), 4 (Experiments took lots of time to complete), 5 (The equipment was 
easy to clean), 9 (It was easy to care for the kit) and 12 (It did not help to develop my practical 
skills) (Table 8). Experiences 1 and 12 are directly related to psychomotor skills, whereas 
Experiences 4, 5 and 9 are indirectly related. The results obtained for these experiences are 
presented graphically in Fig. 3, 4, 5, 6 and 7. 
 
Fig 3. The microchemistry kit was easy to handle
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The ability to handle equipment requires fine motor skills. No less than 90% were able to 
handle the components of the kit easily. However 5% strongly disagreed (Fig.3). The reason 
for this may be that they found the components to be very small, as was stated being one of the 
reasons in the interview. However the positive change in attitude to improving psychomotor 
skills (62% strongly agreed before and 70% after) suggests that handling the small components 
of the kit was not a deterrent in improving psychomotor skills for most educators. 
     
Fig. 4: Experiments took LOTS of time to complete
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The time factor relating to completion of experiments may be related to psychomotor skills as 
an educator with poor psychomotor skills will take longer to complete the experiment 
compared to one that has excellent psychomotor skills.   56% felt that it did not take them lots 
of time to complete the experiments (Fig.4). Those educators who felt it took them lots of time 
may have been particularly lacking in experience and without direct supervision and support, it 
really did take them a lot of time. Of course, the interpretation of a lot of time is subjective 
and only direct observation could clarify the situation.   
 
 
Fig. 5: The microchemistry equipment was easy to clean
0
10
20
30
40
50
60
Strongly agree Agree Neutral Disagree Strongly disagree
Opinion
Pe
rc
en
ta
ge
(%
)
 
 
The cleaning of the small components of the equipment also requires fine motor skills. The 
easiness in cleaning the equipment is reflected in the very positive (36% strongly agreed and 
51% agreed) experience of the educators (Fig. 5). This may be related to the report by Sebuyira 
(2001) that the use of the comboplate resulted in less contamination compared to the use of 
traditional test tubes. It is easy (as the results confirm) to clean as most of the parts are made of 
plastic and therefore there is less chance of breakage while cleaning.  
Fig. 6: It was easy to take care of the microchemistry kit
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Taking care of the kit would appear to be a related experience to cleaning. However educators 
were somewhat less positive about taking care of the kit, as indicated in Fig. 6. 
Fig. 7: The microchemistry kit DID NOT help 
to develop my practical skills
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About three quarters of the class (Fig. 7) did not agree with the negative statement of 
experience. Those who agreed with it, may be expressing the point that it did not develop their 
practical skills in using conventional equipment. Overall, the views on their experiences related 
to psychomotor skills, justify their increased support for criterion b, after working with the kits.  
 
Observation is one of the basic process skills in science. Thus attitude criterion c (Allow 
learners to learn process skills of science, Table 7) correlates directly with experience 2 (the 
reactions were difficult to observe, Table 8).  
 
Fig. 8: The reactions were difficult to observe
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Fig. 8 shows that about half the sample disagreed that the reactions were difficult to observe. 
This correlates to their positive attitude towards the improvement of process skills. The 
difficulty that some had in observing the reactions may be due to the microscale nature of the 
experiments. They may be more used to observing the experiments performed with 
conventional equipment which is much larger.  Sebuyira (2001) also found that some of her 
sample group found it difficult to observe the reactions. However she pointed out that 
difficult should not be taken to mean something like impossible! Sebuyiras (2001) results 
suggest that what is meant is more likely to be needed careful observation; an opinion which 
is completely reasonable. Like any other equipment it does take time to get used to a particular 
type of equipment. Perhaps doing more experiments using the microchemistry kit will make 
one familiar and comfortable with the need for careful observation.   
If a student is frustrated by not being able to follow the instructions given for an experiment 
s/he may lose confidence in performing an experiment. Thus experience 6 (Instructions were 
easy to follow for each experiment, Table 8) can be linked with attitude criterion d (Make the 
learners more confident, Table 7). Experience 13 (It assisted in developing my confidence in 
practical work, Table 8) is directly linked to criterion d.  
As indicated in Fig.9, only 5% felt the instructions were not easy to follow.  The researcher 
was involved in developing the experiments and writing the instructions for it. Great care was 
taken that instructions are unambiguous, easy to understand, follow a coherent order and take 
into consideration that for most of the users, English may be a second language.  
 
Fig. 9: The instructions were easy to follow for each experiment
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As indicated by Fig 10. the majority of the educators (84%) felt that using the kit developed 
their confidence in practical work. Once again this presumably reflects a positive experience 
using the kits. This would explain why an unchanged 76% maintained that practical work 
makes learners more confident after the use of the microchemistry kit at home.  
Fig. 10: The microchemistry kit assisted in developing my confidence 
in practical work
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Attitude criterion e (Make learners enjoy the subject matter more, Table 7) may be linked with 
experiences 10 (It was fun to use the kit), 11 (I am keen to do more experiments using the kit 
and 15 (I would not like to have to do experiments with other ACE courses) (Table 8). 
 
Fig. 11: It was fun to use the microchemistry kit
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Fig.11 indicates that more than three quarters of the sample agreed that it was fun to use the 
microchemistry kit.  
Similarly, Fig. 12. shows that the great majority (88%) of the educators were keen  to do more 
experiments using the microchemistry kit. This could be a result of successful use of the kit 
either by themselves at home or in group work during contact sessions. Fig. 13 probably 
implies the home experiments are included in the enjoyable experiences. It shows that three 
quarters of the educators would like to do experiments with other ACE courses. In fact Figs 12 
and 13 are mirror images of each other, with Fig. 12 reflecting upon a positive statement and 
Fig. 13 reflecting upon a negative statement.     
Fig. 12: I am keen to do more experiments using the microchemistry 
kit 
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Fig. 13: I would NOT like to have to do experiments with other ACE courses
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Attitude criterion f (Provide learners with life skills related to safe handling of chemicals, 
Table 7), can be directly linked with experience 3 (It was safe to use) and experience 7 (The 
disposing of chemicals was a problem)(Table 8).  
 
Fig. 14: The microchemistry kit was safe to use
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Fig.14 indicates that more than two-thirds agreed that the kit was safe to use. This opinion is of 
course justified by the small scale of the kit and the use of very small quantities of chemicals.  
Equally justified is their more neutral opinion overall that disposing of the chemicals was a 
problem (Fig. 15). The quantities of chemicals that are used to carry out the microscale 
experiments are so minute that disposing is generally not a problem. Those who reported 
disposal problems, may simply be stating it was a new problem for them, since it was the first 
time of doing chemistry experiments at home. Once again personal questioning could clarify 
this issue. The disposing of chemicals may also be discussed in detail during the contact 
sessions.  
Fig. 15: The disposing of chemicals was a PROBLEM
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Only experience 8 (It was safe to store the kit) is not linked with any of the attitude criteria. 
The result obtained for this experience is shown in Fig. 16. 
Fig. 16: The microchemistry kit was easy to store
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Overall 60% agreed that the kit was easy to store. Ross and Lewin (1992) state that one of the 
reasons for promoting microscale equipment is that it is easier to store as it needs much less 
space then conventional laboratory equipment. This is important for home experiments 
particularly, affecting both storage at home and transport to and from home. As reported later, 
the fact that a number of educators took the kits to school to do experiments, underlines the 
easy transportation.  
 
When comparing the percentage support for the attitudinal criteria with the percentage 
agreement with the experience statement numerically, it is apparent that the high percentages 
associated with the former are not comparable with the percentages associated with the latter. 
Theoretical attitudes would seem to be moderated by experience! This is perhaps not 
surprising. To see whether the general difference casts doubt on the reliability of the 
respondents the comparative analysis was taken further. To do this, three things were done: 
1) For the theoretical attitudinal criteria the percentages strongly in agreement were used,  
2) For the actual experience the percentages agreeing and strongly agreeing were  added 
together (for the negative statements the disagreements were added), 
3) Where more than one actual experience was related to one theoretical criterion, an 
average of the percentages, calculated in (2) were used.  
These calculations are summarised in Table 9. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 9: Comparative analysis of attitude criteria versus experience statements 
Attitude Criterion 
(Pre%/Post%) 
Experience 
Statement 
Number  
%Strongly Agree + % Agree 
Experience (% Strongly Disagree + 
% Disagree Experience) 
Average 
Experience
% 
a) Improve conceptual 
understanding (89/89)  
14 91 91 
1 90  
4 56  
5 87  
9 65  
b) Improve 
psychomotor skills 
(62/70) 
12 76 75 
c) Allow learners to 
learn process skills of 
science (84/86) 
2 55 55 
6 90  d) Make the learners 
more confident (76/76)  13 84 87 
10 78  
11 88  
e) Make learners enjoy 
the subject matter more 
(78/78) 
15 92 86 
3 68  f) Provide learners with 
life skills related to safe 
handling of chemicals 
(65/70) 
7 57 63 
 
Each attitude criterion % (pre and post) was plotted against the average % of the experiences 
linked to it. Fig.17 reflects this comparison.  
Fig. 17 Comparison of Attitude Criteria vs 
Experience
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Fig. 17 helps to show that there is a rough relation between the two. As the educators were not 
made aware of the possible relationship the outcome is interpreted to mean the responses are 
reliable expressions of opinion. 
This interpretation is strengthened by the one point which is an outlier to the others. This point 
refers to the processes of science attitude criterion. Here it must be remembered that the 
experimental work required following instructions (Level 1 on level of Inquiry of Laboratory 
investigations, Woolnough (1991)), not designing experiments (Level 4). Thus the educators 
responses honestly and correctly imply weak experience against an outcome they theoretically 
rate highly. It is also important to note that the theoretical outcome of conceptual 
understanding is strongly supported by their experience. 
 
4.7.2 Question 2 
 
Question 2 asked the educators to state if they had any other points they would like to add or 
comment further on the experiences covered in Question 1. Only 40% responded to the 
question. Of this 70% of the comments were related to the theoretical aspect of the course and 
not to practical work. 30% commented on the packaging of the chemicals. During the 
interviews, it was discovered that some of the educators had spilled the chemicals and therefore 
a
b
c 
e
d
f 
improvised by using chemicals from the school, where it was available. The propettes 
containing the chemicals had split. This is important information for packaging in future as 
chemicals, are an integral part of performing chemistry experiments. Consideration should be 
given to the fact that the course is approximately 3 months long and as the experiments are 
integrated into the theory, it may take that long before the last experiment is performed. This 
does have implications for how the chemicals are packaged.  
 
4.7.3 Question 3 
 
Question 3 asked the educators to tick the appropriate box with regards to where they 
performed the experiments. The responses, indicating where they actually performed the 
experiments, are summarised in Table 10. 
 
Table 10: Where were the experiments performed? 
Location Percentage (%) 
(n=37) 
In the kitchen 4 
On the dining room table 14 
At school 46 
Other 38 
 
As indicated in Table 10, about half (46%) the educators, did the experiments at school. In the 
interview, it was revealed that it was convenient to do them at school, in their class, not 
necessarily in a laboratory, during a free period or lunch break as much of their time is spent at 
school and, due to other commitments after school, they preferred to do them there.  
 
The 38% that answered other, were asked to elaborate. The results are as presented in Table 
11. 
 
 
 
 
 
 Table 11: Where were the other experiments performed? 
Location Percentage (%) 
(n=14) 
Outside 50 
Garage 22 
Educator Centre 14 
Bedroom 14 
 
The versatility of the microchemistry equipment in terms of where the experiments can be 
performed can easily be seen from Table 11! 
 
4.3.4 Question 4 
 
Some of the components of the microchemistry kit are small and the researcher wanted to find 
out if the educators lost any of the components during their use (Question 4). Only two of the 
educators reported to have lost a microspatula each.  
 
4.3.5 Question 5 
 
To extrapolate on the use of the kit, the educators were asked if they would like their learners 
to use it in the class and to justify (Question 5). 100% said they would like to use it in the class. 
The reasons given were varied but these could be placed in 6 categories as shown in Table 12. 
On close inspection of these reasons the attitude criteria a-e (Table 7), are clearly re-iterated by 
the educators.   
 
 
 
 
 
 
 
 
 
Table 12: Why should the microchemistry kits, be used by learners? 
Reasons Percentage (%) 
(n = 37) 
Attitude 
Criteria 
Hazard free, easy to handle, maintain, user-friendly, 
store and clean. Do not need a laboratory 
44 b 
Aid the learners in doing practical work/ each 
learner will be able to do experiments on their own 
18 b,c 
Promotes hands-on approach/improve skills and 
conceptual understanding 
18 a,b 
Promote confidence in learners 9 d 
Need very little chemicals 9 f 
Make the learners like science more 6 e 
 
The reasons given vary from the actual use of the kit, to increasing the interest of learners in 
science, to improving conceptual understanding. This can only be attributed to their own 
positive experiences in using the kit. These are the same reasons given by Bradley et al (1998) 
amongst others, for using microscience equipment to do practical work.  
 
4.3.6 Question 6 
 
The kit was used at home, so it seemed logical to find out if it had any impact on other people 
around the home (Question 6). If the kit was used elsewhere they were asked to adapt their 
answer accordingly. 8% misunderstood the question (they said they had no problem using the 
kit), 22% responded that there was no impact. Of the 70% who said there was an impact, the 
various responses were categorized in 6 classes and are given in Table 13. 
 
 
 
 
 
 
 
Table 13: What was the impact of using the microchemistry kit in your home, on your 
family? 
Responses Percentage (%) 
(n = 29) 
At school, learners were interested and wanting to touch it 17 
Other educators at school/educator centre were interested  10 
Used it for teaching in class 20 
Helped in understanding concepts 17 
Children at home were curious and wanted to watch 20 
Very thrilling experience- realized experiments can be done 
anywhere, anytime 
10 
Curious neighbours 6 
 
The responses relate mostly to those that used the kit in the school. Some of the educators 
(20%) took the initiative of integrating it into their teaching. This shows the great potential of 
the kit being used in various ways, from educator demonstration, to peer group discussions to 
eventual use by learners. 
 
4.3.7 Question 7 
 
The kit became part of their learning experience and therefore whether it was discussed with 
others in their social setting would be interesting to note (Question 7). 27% reported they did 
not discuss it with anyone. Of the 73% that responded in the affirmative, the various responses 
(5 categories) are given in Table 14. 
 
 
 
 
 
 
 
 
 
Table 14: Comments on discussion with others about the kit 
Comments  Percentage 
(%) 
(n = 27) 
Discussed it with colleagues, want to get for schools to use with learners 52 
Friends thought I was very clever, regarded me with high esteem 7 
Colleagues also want to do this ACE course  15 
Cheaper alternative for accessing practical chemistry for rural schools 22 
Uses very little chemicals 4 
 
The comments in Table 14 point to educators wanting to use the kit with learners in the class. 
According to the survey carried out by Gunter (2005) for the same educators, only 20% of the 
educators have access to laboratories. From Table 4 it can be seen that only 3% have a 
laboratory which is fully functional. The microscience kits can be used anywhere, anytime and 
this includes a normal classroom.  
 
From the results obtained in the questionnaire about experiences of using the microchemistry 
kit, it can be concluded that the educators had positive experiences in using the kit at home for 
doing practical work. 
             
4.8 Responses to Interview questions        
 
To gain further insight into how the educators coped with the use of the microchemistry kit at 
home to do experiments, 4 educators were selected at random, from whom permission was 
granted to visit them at home and interview them while they were performing an experiment. 
Fig. 18 and 19 show photos of an educator performing an experiment at home. The interview 
questions are similar to Question 1 of the Questionnaire about experiences in using the 
microchemistry kit at home. But with the interview the answers could be elaborated upon with 
prompting from the researcher. Where appropriate, responses from educators during the 
interviews have been incorporated to support their responses in both the questionnaires. 
 
 
 
Question 1: Where did you do the experiments? 
 
One educator did the experiments at school, in an office. He was assisted by another educator. 
The other educator did the experiment outside her house on a table. Two of them did it in a 
room in the house. As commented before this shows the versatility of the kit in terms of where 
the experiments can be performed. It does not require a laboratory at all. 
 
Fig. 18: An educator showing results of an experiment done at home 
 
 
 Fig. 19: An educator performing an experiment at home 
 
 
 
 
Question 2: Were you scared or confident about doing the experiments? How did you feel? 
 
One educator commented that he was nervous as he had not done experiments on his own 
before. Two of the educators commented that they were fine doing the experiments. The other 
educator commented that she was nervous when she did the first experiment but after that she 
was more relaxed. This may relate to building confidence. 
 
Question 3: Did you have any spectators. Any comments from them? 
 
One educator commented she had her younger brother helping her as she is colour blind and 
therefore, where appropriate, she questioned the brother about the colour of solutions and 
products after reactions. The other three educators worked by themselves. 
 
Question 4: Were the instructions easy to follow? 
 
All four educators commented that the instructions were easy to follow as they had commented 
in the questionnaire. This is one of the most important aspects of designing practical 
experiences. The instructions should be clear, simple and easy to follow. It needs to be trialed 
by others before it is mass distributed to see how they will cope with it. 
 
Question 5: Were the reactions easy to observe? 
 
Three of the educators stated that the reactions were easy to observe but one commented that 
she could not see it very easily. On further probing it was discovered that there was not much 
light in the room where she usually did the experiments. This may be one of the reasons why 
she could not observe the reactions easily.  
 
 
Question 6: Was the cleaning of the equipment easy/hard? Where did you clean it? 
Three of the educators did not find it difficult to clean the equipment. All of them cleaned it in 
a sink outside. One educator commented he followed the instructions given for cleaning in the 
practical manual. One educator did find it difficult to clean the equipment. The reason for this 
was that he had left the comboplate with the solutions in the wells overnight! This shows how 
important it is to follow instructions carefully whether it be for the experiment itself or for 
cleaning the equipment afterwards. 
 
Question 7: Did the experiments help you in understanding concepts (were you able to relate 
it to theory?) Elaborate. 
 
All the educators agree that it did help them in understanding the concepts. One educator 
commented that by doing the experiment you actually see what happens which previously was 
only read about in a textbook. The colour changes and formation of solids in some 
experiments, was another interesting aspect that one of the educators pointed out which she had 
seen for the first time.  
One educator was doing a reaction stoichiometry experiment when I visited him, and we 
discussed it in detail. In the experiment colourless solutions of lead nitrate and sodium iodide 
react to form a yellow precipitate of lead iodide. This is a statement of facts but, as this 
educator commented, he was able to look at the formation of the lead iodide in the wells and 
was able to work out for himself what the stoichiometry of the reaction between lead nitrate 
and sodium iodide was (previously he had read it in textbooks and accepted it). Now he had 
done the experiment himself to find that was the case. This proved to be empowering for him 
and he said he realized what a powerful tool practical work can be in understanding science 
concepts. 
 
Question 8: Some educators said the experiments took a long time (in the questionnaire). If 
so, why? 
 
All four educators felt that this was not the case with them. Two of them commented further to 
say in fact it took less time compared to using conventional equipment. 
 
Question 9: Would you recommend using the microscience equipment in class with 
learners? 
 
The answer was unanimous that they would certainly like to use it in the class. One educator 
commented that it was a very attractive alternative for practical work where schools do not 
have or cannot afford to buy conventional equipment. Another educator commented that it is 
user friendly, can be used in groups and thus educators would be able to manage practical work 
activities effectively. 
 
Question 10: Would you recommend it to your colleagues? 
 
All the educators said they would recommend it to their colleagues. This could be attributed to 
their positive experiences in using the kits by themselves. 
 
Question 11: Is it better to do an ACE course with/without practical work. Do you feel it is 
better with/without practical work integrated with the theory? 
 
They all felt that practical work is essential in any ACE course. They also agreed that it is 
better with the practical work integrated. Two of them commented that with the theory still 
fresh in mind it is better to do the experiments immediately so that the hands-on experience can 
consolidate the theory just learnt.  
 
Question 12: Should the packaging of chemicals be done in bottles or propettes? 
 
They all preferred that the liquids be packaged in bottles as two of them had problems with the 
propettes leaking. This was also picked up in the questionnaires. This point can be considered 
for future ACE courses. 
 
Question 13: Any other comments? 
 
One educator commented that she was really finding this ACE course very exciting and this 
novel idea of integrating practical work with the theory looked very positive. Another educator 
commented on the workload that the ACE course entailed. Time-management is very 
important. Studying at a distance can be quite lonely and one educator commented that he 
really appreciated the sms received regularly which reminded him about how to pace his 
studies. 
 
From the comments received during the interviews it can be concluded that the educators 
attitude toward the use of the microchemistry kit at home was very positive. They realized how 
important practical work is if integrated in the learning of science concepts. This notion may 
not have been realized if the practical work component was done in one batch at the end of the 
course. 
 
4.5 Questionnaire to ascertain what the educators learnt from at home practical 
activities 
 
This questionnaire was administered at the end of the Chemical Reactions course, after the 
educators had used the kits at home to do practical work during their independent study. 
Another group of 25 educators responded to the questionnaire (these educators formed part of 
the group in the next year the course was run). The questions were aimed to find out what 
knowledge, skills and attitude they had learned in using the kits at home, thus providing a clue 
to the third research question. Appendix O provides a sample of the response by one educator 
to this questionnaire.  
 
For those questions which required the educators to respond with either a YES or NO, and then 
elaborate on this choice, a two tier approach to analysis was adopted. The first tier corresponds 
with a YES or NO response. The response with which most educators sided is then further 
categorized to provide the second tier of the analysis and it is taken as 100% of the sample for 
this response. For example if in a sample of 25 educators, 20 responded YES and 5 responded 
with NO, in the second tier analysis the 20 forms the sample size (N= 20). The responses of the 
educators to all ten questions and the categorization thereof is presented in Appendix P. Table 
15 summarises the responses to questions where Y/N or similar type of answer can be 
quantified.  
 
 
 
 
 
 
 
 
 
Table 15: Summary of answers to Questionnaire 3(3) 
Q 
No. 
Question statement % YES %NO 
1 Assists in understanding theory (K) 84 16
2 Compare and contrast contact session vs home experiences - -
3 Useful in learning concepts (K) 96 4
4 Assists in learning practical skills (S) 92 8
5 More able to understand and affect environment (A)  84 16
6 Views on doing practical work for learning concepts - -
7 Compare home vs contact sessions for usefulness of expts.(1) 68 (H) 28 (CS)
8 Should experiments be done only in a lab (A) 12 80
9 Experiments should be integrated or separate (K)(2) 72 (I) 12 (S)
10 Experience with using kit at home - -
  Footnotes: 1) H signifies % finding home more useful; CS signifies % finding contact session 
more useful. 
                    2) I signifies % following integration, S signifies % separating practical work 
                    3) Open- ended questions have no quantitative results. K = knowledge, S = skills, 
A = attitudes 
The views of the educators on gaining understanding of concepts through using the kit at home 
can be ascertained by their responses to questions 1, 3, 6 and 9.  In response to the question 
which required educators to respond whether doing the practical activities at home assisted 
them in understanding the theory better (Question 1), 16% responded with NO and 84% 
responded with YES. The analysis of those who responded YES is presented in Fig. 20. 
 
Fig. 20: Did you understand the theory better by doing the 
practical activities at home?
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Over half the sample claimed that doing the practical activities at home, did assist them in 
understanding the theory better. Of note however are the categories related to psychomotor 
skills and the kit and the affective domain. This either implies misunderstanding or a 
recognition that concept learning benefits from improvements in skills and attitudes. (For 
example, convenience of practical work facilitates applying the mind to reflection on 
concepts).  
 
In response to whether doing the experiments at home aided in understanding the concepts 
better (Question 3), a resounding 96% responded with a YES!  When this was analysed further, 
5 categories emerged from the justification of their choice. Fig. 21 shows that more than half 
the sample confirmed that it aided them in understanding the concepts better. Here the category 
to note is that related with time, which corresponds to educators having the opportunity to 
work at their own pace in doing the experiments. This can be reasonably interpreted as saying 
that by having more time to reflect on their actions, they could better relate them to the 
concepts involved.  
  
Fig. 21: Did you understand the concepts better 
by doing the practical activities at home?
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Question 6 relates to the educators view on doing practical work for the learning of science 
concepts (Fig.22). A high number believe that practical work is essential. What is of interest is 
that on being asked to justify their choice in questions 1, 3 and 6 the number of educators 
linking it to either theory or understanding concepts is lower than in the first tier where they 
were asked to state either YES or NO. Given the choice to justify, other categories emerged 
which still linked to the understanding of concepts indirectly. The figures for their attitude and 
experience in this regard are, also very high in the previous two questionnaires where they did 
not have the opportunity to justify their choice. Thus the picture which emerges from Figs. 20, 
21 and 22 is that doing practical work at home did make them understand the theory better. 
         
Fig.22: View on doing practical work to learn 
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Learning of psychomotor skills is reflected in Question 4, which asked if using the kit at home 
aided them in learning practical skills. 92% confirmed that it did. Further analysis of their 
justification (Fig. 23) revealed that three-quarters of that sample responded with either a direct 
or indirect link to practical skills. This can be related to their experience statements in this 
regard (Tables 8 and 9) where learning practical skills by doing practical work at home is also 
rated highly. 
 
Fig.23: Did the use of kits at home aid you in 
learning practical skills
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Learning in the affective domain, is reflected in the responses to Question 5. 84% of the 
educators said that doing the experiments at home did make them feel more able to understand 
and affect their environment. Further analysis of this sample (Fig. 24) reveals that half justified 
their answers by linking them with positive attitudes to science. The third of the sample which 
justified their choice with the physical environment of doing the experiments suggests that the 
question was taken literally by them. When their affective attitudes were being ascertained with 
the descriptive words (enjoyment, confidence, etc) related to this domain, in the questionnaires 
on attitude and experience, their personal experience at home also resulted in very positive 
feelings.    
 
Fig. 24: Did doing experiments at home make you 
feel more able to understand and affect your 
environment
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Educators attitudes are also reflected in Question 8 which tested their views on the suitability 
of a physical environment for doing practical work. Their responses to Question 8 reveal that 
80% feel that it can be done anywhere. This 80% was able to justify their choice as well. In 
fact some related it to the microscience kit which allows for experiments to be performed 
anywhere. Those who said it needs to be done in a lab (12%) linked it to either the experience 
of being a real scientist or storing and safety of equipment and chemicals.    
 
To further investigate the suitability of the environment for doing practical work, the educators 
were asked if they found the experience of doing practical work at home or contact session 
more useful in Question 7. 68% found the experience at home was more useful. Within this 
sample it is interesting to note that many of them relate it to confidence and interest (Fig. 25)! 
Another interesting category that emerged is that of time, where it was noted that they could 
work at their own pace (see also Question 3). Those who preferred their experience at the 
contact session attributed this to the interaction with other colleagues (Appendix P). 
       
Fig. 25: Why was doing the experiments at home 
useful?
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Question 2 also allowed educators to compare and contrast their experience in performing 
experiments at the contact session and at home. Table 16 attempts to summarise the responses 
to this question. 
 
 
 
 
 
 
 
 
 
 
 
 
 Table 16: Doing experiment at the contact session vs at home 
Contact session Home 
Easy-we can help each other(3) I am now able to do it at home 
Work in group so other can assist you  If you make a mistake, nobody to assist you 
(3) 
We can share ideas(3) Have time to interact with the material  (4) 
 Can gain experience in using the kit 
I could watch someone else doing the 
experiment 
I had to do the experiments on my own 
Share ideas, better understanding but not 
enough time (3) 
Gain experience 
Easy as we shared ideas I was on my own had to figure out things on 
my own (4) 
 It is good but time consuming (2) 
If you stuck, fellow students can help you (2) Nobody to help you (2) 
You get extra information Struggle to find information 
Tutor came to the rescue if I did not 
understand  
I get confused(3) 
Students who are intelligent do things fast and 
leave the slow learners behind 
There was no tutor to ask questions 
 
The interactions and sharing of ideas with colleagues again feature as important aspects of the 
contact session. The feeling of isolation and lack of supervision being a feature of distance 
education, comes out strongly in their response to their experience at home.  
 
Apart from the physical environment and the process of performing an experiment, what is also 
of importance is when an experiment is performed during the course of study. According to 
Ramsey and Howie (1969), practical work should be integrated within the theoretical 
framework, for it to be meaningful. 72% of the respondents to Question 9, did indeed do a 
particular experiment after a particular section as, instructed in the Workbook. 61% of this 
sample linked it to understanding of concepts (Fig. 26), suggesting that the aims of the Course 
Workbook authors were being achieved for these educators.        
 Fig. 26: Why was it important to do experiments 
after a particular section?  
No comment
22%
Linked to 
sequence of 
studying
17%
Linked to 
understanding 
of concepts
61%
 
 
Question 10 allowed the educators to write about their experience in general of using the kit at 
home. The responses (Fig. 27) were varied.  Half the responses corresponded to the cognitive, 
psychomotor and affective domain, whilst the other half linked it to the easiness of using the 
kit and pacing of work. The factor of time once again featured  for the educators as being 
important.  
  
Fig. 27: Experience on using kit at home
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It can be concluded that the educators claimed gains in knowledge, skills and attitude from 
doing practical work at home in conjunction with their Course Workbook. Furthermore they 
reported several advantages they experienced as compared to the practical work in the contact 
sessions    
 
4.6 Report of the completed experiment worksheets (Appendix H) 
 
The completed worksheets relating to the experiment were collected as part of a portfolio 
activity. The observations (change in colour, formation of precipitate, gas formation, etc.) were 
as expected. The results and deductions drawn after doing an experiment as appears on the 
worksheets is an indication that the educators were able to follow instructions, perform the 
experiments and make deductions from the results obtained. 
 
4.7 Conclusion 
 
This chapter presented, analysed and discussed the findings of the three questionnaires and 
interview responses which will be used to answer the research questions posed for the current 
study. The results were presented using tables and graphs. In the next chapter the three research 
questions will be answered. Reflections will also be included and where possible, 
recommendations will be given.    
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER 5 
 
CONCLUSIONS, REFLECTIONS AND RECOMMENDATIONS 
 
5.1 Conclusions 
In this chapter the main findings of the research will be summarized to ascertain whether the 
research questions set for the current study can be answered. It also attempts to see to what 
extent was the research able to achieve the aims set out at the beginning. 
Based on the findings, reflections and recommendations will be offered where possible so that 
it may provide a basis for a major study in which the findings may be generalized for the whole 
population. The conclusion for each question follows. 
 
 First Question: Can microchemistry kits enable science educators (those studying ACE 
through distance education) to experience practical chemistry at home? 
 
The responses to the 14 items relating to experiences of doing practical work with the 
microchemistry kit at home indicate that the educators experiences were positive and they 
were able to experience practical chemistry at home using the kit. Their positive experiences in 
using the kit indicate that they were able to carry out the experiments unaided and the 
completed worksheets indicate that they were able to do so correctly. The positive response to 
confidence, developing practical skills, understanding chemistry concepts and keenness to use 
the kit in other courses indicate that the three domains (cognitive, psychomotor and affective) 
identified by Lunetta and Hofstein (1980), can be addressed successfully by using the 
microchemistry kit at home. 
The responses also indicate that the educators believe the aims of practical work, as mentioned 
by Woolnough and Allsop (1985), i.e: stimulating interest, learning experimental skills and 
techniques, teaching the processes of science and supporting theoretical learning, can be 
achieved using the microchemistry kit at home.  
It must however be noted that the subjects in this research were science educators. Hence 
although this first research question can be answered with an unequivocal yes it cannot be 
concluded that other kinds of distance learners (eg. Learners with no prior experience of 
practical work) would have equal success. 
 
Second Question: How, did the experiences of educators influence their attitude towards 
practical work? 
The results obtained from the questionnaire indicate that the educators attitude changed 
positively or remained unchanged after using the microscience kit at home to do practical 
work. There was an initial highly positive attitude towards practical work, indicating that the 
educators were aware of the importance of practical work in learning science. Any negative 
change in attitude towards practical work, after using the kit at home would be attributed to 
their experience in using the kit at home. In fact this was not evident. The initial positive 
attitude towards practical work with regards to improving conceptual understanding, improving 
psychomotor skills, allowing learners to learn process skills of science, making the learner 
more confident and enjoying the subject more, etc., can possibly be attributed to the educators 
own theoretical beliefs.  
Their final attitudes would then presumably reflect upon their personal experiences of practical 
work conducted at home, alone with their Course Workbook. There are several indications that 
for some educators this stimulated reflection, in a way that did not happen when experiencing 
group practical work in the contact sessions. Hence it is a significant outcome that their 
attitudes either remained very positive or even became more positive.  
The significance of the outcome is substantiated by the educators responses in the 
questionnaire and interviews about their personal experiences. These responses could have 
revealed that their personal experiences actually differed from their theoretical attitudes, in 
some respects at least. This was not the case. 
The increase in positive attitude, in improving psychomotor skills and providing learners with 
life skills related to the safe handling of chemicals when doing practical work, may be due to 
the special features of the microscience kit. It is easy to handle and uses very little chemicals 
and these features make it non-threatening for learners yet achieving the goal of learning the 
safe handling of chemicals.  
 
Third Question:      What do educators learn from at home practical activities? 
 
In the responses to the questionnaire to ascertain what they learnt from at home practical 
activities, several indicators can be found. The educators indicated that experiments can be 
done anywhere. They do not need to be performed in a laboratory but can be performed 
anywhere if a convenient, easy to use system with a set of instructions is available. Their 
microscience kits and Workbook seem to have footed the bill. 
The results indicate that the educators felt that their knowledge, skills and attitude had 
benefited by doing the experiments at home using the microscience kit. In the questions which 
required general feedback on using the kit at home, the educators cited these three domains and 
the attributes of the kit in equal measure.  
The educators learnt that performing the experiments while doing the theory was important in 
consolidating their understanding of chemistry concepts. 
Having the responsibility of doing the practical work on their own resulted in the educators 
feeling empowered and more self-confident.  
 Of note is the time factor which came up in many responses as being an important benefit for 
doing practical work at home. This raises the question: Is the limited time spent in a 
conventional laboratory a hindrance to making the connection between theory and practical 
work? The negative side of doing practical work at home seems to be the isolation and lack of 
support, two points which are understandable and predictable.  
Despite this the educators were able to carry out the experiments on their own. Doing the 
experiments at home had other benefits: in effect it was able to stimulate interest from other 
people and raise the esteem of the educator. As a natural consequence it may develop interest 
in learners to do science. The versatility of the kit in terms of allowing the experiments to be 
performed just about anywhere, may assist in demystifying science and make it accessible for a 
larger group of people.  
From the findings in this study it can be concluded that the microscience kit can be the right 
tool for doing practical work at home. In this way they are not constrained in terms of when, 
where and how they will do the experiments. This is powerful for the way science courses can 
be studied at a distance. Previous science courses which could not be offered at a distance due 
to the rural setting of students, who may not be close to a study centre, can now be reorganized 
thus allowing a greater number of students into the science discipline. The opportunity this 
affords can go a long way in empowering science students.     
 
5.2 Reflections and Recommendations  
 
In-service educators are good candidates for this at home practical work because they may 
have some background and experience of practical work. Educators doing the GET (General 
Education and Training) ACE at Wits University also use the microscience kits. For these 
primary school (Grade 4-9) educators most chemicals required for experiments can be found at 
home in everyday substances, so they may not have to be supplied with any chemicals. But 
what about those students doing science through distance, that have not been exposed to any 
form of practical work whatsoever? For these candidates a pre-course workshop may be 
suitable where they are taught not only how to use the microscience equipment, but also about 
the handling and disposing of chemicals, safety, etc.   
In providing practical work at home, the length and level of the science course and the number 
of experiments that need to be done at home also needs to be considered. With semester 
courses as provided by the Open University in the UK (Grose, 1999), Colorado Mountain 
College, America (Jeschognig, 2005) and the ACE course at Wits University, South Africa; 
with a limited number of rather basic experiments that need to be performed at home per 
course, the microscale system may be recommended.   
The packing of chemicals is important for chemistry courses as they need to be transported. As 
noted in this study some students experienced spillage of chemicals from the propettes. At 
Home Science in Colorado, USA also uses propettes for transporting chemicals and has had no 
problems. The problem may lie with the quality of this batch of propettes as problems were 
experienced previously where the propettes split.  
As discussed in Chapter 2, the social constructivist sees interaction with other learners as being 
crucial to the learning process. With distance education courses the absence of this interaction 
is one of the drawbacks. This can be ameliorated by forming study groups, interaction via sms, 
on-line chat groups and video conferencing. The tutor may provide the scaffolding required via 
these modes of communication with the learners. This may also provide the encouragement 
and motivation to carry on with the course. The use of on-line chat groups and video 
conferencing may be constrained in South Africa currently as very few people have access to a 
computer and fewer have internet facilities. 
The importance of practical work in learning science has been emphasized in this study.  
The importance of integrating practical work with the learning of theoretical concepts of 
science (as done in this study) needs to be researched on larger scale to generalize the findings. 
If the results are favourable as found in this study, distance education institutions can consider 
using the microscience kits for their science courses. It is probable that many of the existing 
experiments done on macroscale can be adapted to be performed on microscale. Distance 
education institutions which have centers set up where students can go and do practical work, 
may also use microscience kits for this purpose. This will minimize the cost of equipment and 
laboratory facilities at such centres. A study can be done over a longer period of time, 
involving many more experiments to be done on microscale.   
The study does not claim that doing practical work using a microscience kit brings about 
conceptual understanding. A microscience kit is merely a tool to providing practical experience 
for distance education students.  However it would be interesting to set up a study, using 
students studying science at a distance, to research if integrating practical work with the 
learning of theoretical concepts of science does bring about increased understanding. This 
could be set up by having two sets of equivalent educators, where one set does the practical 
work separately at the end of the course and the other set does the practical work at home at the 
same time as a particular theory or concept is studied. Both sets would use the same 
microscience equipment and carry out the same experiments. A test could be written by both 
sets after the practical activities have been completed to test their understanding of scientific 
concepts. This way it can be seen if the integration of practical work improves conceptual 
understanding or not. If it does then this would encourage further changes in the way practical 
work is offered within science courses at a distance.   
An advantage of using the microscience kit at home to do practical work with educators is that 
they would have been trained to use the kits. Thus they will be ready to use them in their 
teaching if the schools are equipped with the kits. With most rural schools in South Africa not 
having a fully functional laboratory this may be the only way that learners have the opportunity 
to experience practical science. In fact the Mpumalanga Department of Education has 
purchased the kits and will first equip those schools in which the science teacher has enrolled 
for the ACE and formed part of the current study. The practical work experience can also be 
easily extended to include microscale activities related to physics and biology as well.  
An important finding in this study is that the majority of the educators involved felt that 
although they lacked the help of fellow-students, they gained more by having adequate time. 
The description of their feelings, convey a strong sense of personal construction of knowledge, 
skills and attitudes. In keeping with this are expressions of improved self-confidence and this 
may be important for what happens subsequently in the classroom. This too is a potential focus 
for future research, namely to determine the longer-term outcomes on educator achievement. 
The specific focus of the present study on practical work is an aspect of this broader research 
theme. Previous experience with primary school educators indicates how difficult it is for 
educators to integrate practical activities into their curricula (Nakedi, 2002; Roberts et al, 
2004). Educators in 400 schools across four provinces in south Africa, although provided with 
two days intensive training and expressing great enthusiasm, largely failed to use effectively 
the microscience kits provided to their schools. The principal reason for this failure was found 
to be the absence of continuing support by subject advisors. One may postulate that educators 
completing an ACE program with practical science experiences at home using the 
microscience kit would be far more likely to implement microscience kits in their classrooms. 
Their self-confidence derived from self-achievement in using the kits should make the decisive 
difference. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
  
 
 
 
 
  
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
  
 
 
  
 
 
 
 
  
 
 
 
 
  
 
 
  
 
 
 
 
  
 
 
  
  
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
